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ABSTRACT 

In the fall of 1986, a joint study was undertaken to 
solicit views of the nation's Governors, senior officers of U.S. 
companies, and presidents and deans of U.S. colleges and universities 
on the relationship of U.S. competitiveness to the human resource 
base and research and development capacity. Researches polled *.,300 
senior research and development officers and 500 university leaders 
and senior state officials. Approximately 500 replies were received 
This report summarizes the survey findings and the discussion which 
occurred at the April 1987 regional meetings based on the survey's 
preliminary results. Specifically, the study was d-^isigned to address 
such issues as: (1) the importance of research and education to the 
economic competitiveness of t/he United States; (2) which of the 
following factors were believed to have the greatest impact on U.S. 
competitiveness — human resources, research and development 
investments, technology transfer, or federal fiscal, monetary, 
regulatory and trade policy; (3) what changes need to be made to 
strengthen and improve the nation's research and education system; 
and (4) the perceptions of three different communities—the business 
sector, the academic community, and state governments — with regard to 
research and education policies and the roles of each of these 
organizations to meet the competitive challenge of today's economy. 
Survey data and the discussions which occurred at regional meetings 
showed that there was a great deal of similarity in the perceptions 
of the three groups compared. The industry, university, and 
government leaders participating in the sttxdy agreed that science and 
engineering research ^nd education have in the past, and will 
continue in the future, to play a crucial role in determining U.S. 
competitiveness. With regard to the most important factor affecting 
the nation's future competitiveness, all three groups viewed 
education as the key. Furthermore, there was general agreement that 
the area of education of greatest concern is mathematics and science 
education at the K-12 level. The survey instrument, a list of 
regional meeting speakers and panelists, and the National Governors* 
association Issues Paper are included in three appendixes. (TW) 
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The Study 



In the fall of 1986, the National Governor's Association and the 
Conference Board, with support from the National Science Foundation, undertook 
a joint study designed to solicit the views of key industry, university and 
state government officials with regard to U.S. science and technology policies 
at both the state and federal level, and their relationship to the nation's 
competitiveness. During the winter and spring of 1987, researchers polled 
2,300 senior research and development officers of technology-based companies, 
500 university leaders and senior state officials responsible fo^ science and 
technology policy in each of the fi^ty states. Approximately 500 replies were 
received. 

The survey solicited the opinion of these senior officials on the impact 
of the following six areas on competitiveness; education and human resources, 
research and development resources, technology transfer, federal trade policy, 
federal monetary and fiscal policy, and federal regulatory policies. The 
survey also requested an assessment of existing state research and technology 
programs (APPENDIX I). 

The preliminary survey results were used as the basis for three regional 
meetings held in April, 1987 in Seattle, Washington; Holmdel, New Jersey; and 
Dearborn, Michigan. University, industry, and state government officials were 
invited to discuss the survey findings and to discuss three key 
topics—meeting human resource needs, meeting research and development needs, 
and promoting commercialization (APPENDIX II). 

This report summarizes both the survey findings and the discussion which 
occurred at the regional meetings. Survey findings and observations 
aggregated both nationally and by region (Pacific Coast-Rocky Mountain, New 
England-Middle Atlantic, Southern-Southeast, Midwest) are available upon 
request. 



ERLC 



5 



Center for Policy Research and Analysis 

The National Governors' Association, founded in 1908, represents the 
Governors of the fifty states and the Commonwealth of Puerto Rico and the 
Northern Mariana Islands, the cerritories of the Virgin Islands, Guam and 
American Samoa. Its missions are to influence the development and 
implementation of national policy and to apply creative leadership to state 
problems. 

NGA mehibership is organized into seven standiny committees in major 
substantive areas: Agriculture, Criminal Justice and Public Protection, 
Economic Development and Technological Innovation, Energy and Environment, 
Human Resources , International Trade and Forei gn r\el ations , and 
Transportation, Commerce and Comnuni cations Special committees and task 
forces are formed in response to principal concerns of the Governors. 

The Center for Policy Research and Analysis of the National Governors* 
Association serves as a vehicle for sharing knowledge of innovative programs 
among the scates and provides technical assistance to Governors. The Center 
manages a variety of fed^^^^al grants rind foundation-funded activities and state 
demonstration programs in areas that include education, economic development, 
labor market and occupational analysis, socio-economic forecasting, health 
care financing alternatives, job training, and state human resource management 
systems . 



The Conference Board 

The Conference Board is a non-profit business research service whose 
purpose is to assist senior executives and other leaders in arriving at sound 
decisions. Since its founding in 1916, the Board has been creating close 
personal networks of leaders who exchange experience and judgment on 
significant issues in management practice, economics, and public policy. The 
networks are supported by an international program of research and meetings, 
which The Conference Board staff of more than 350 persons carries out from 
offices in New York, Washington, Ottawa, and Brussels. 

Mere than 3,600 organizations in over fifty nations participate in The 
Conference Board's work as Associates. The Board is a not-for-profit 
corporation and the greatest share of its financial support comes from 
business concerns, many with worldwide operations. The Board also has many 
AssocMtes among labor unions, colleges and universities, government agencies, 
libraries, and trade and professional associations. 
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EXECUTIVE SUMMARY 



The most demanding challenge facing America's leadership today is to 
restore this country's competitive position in the global marketplace. The 
pattern of the last fifteen years — slowing productivity growth combined wim 
growing competition from foreign producers — has led to record trade 
deficits, a decline in real earnings of American workers, and a stagnant 
standard of living. While there are many reasons for the erosion of the U.S. 
competitive position, there is a growing national consensus regarding the 
underpinnings of competitiveness. One area of consensus is that U.S. 
investments in research and education will be critical in the long-term as the 
United States seeks to maintain and improve its competitive position in the 
world economy. 

In an effort to assess the health of the U.S. research system, The 
Conference Board and the National Governors' Association, with the support and 
participation of the National Science Foundation, undertook a joint project. 
The project solicited the viev-zs of the nation's Governors, senior officers of 
U.S- companies, and presidents and deans of U.S. colleges and universities on 
the relationship of U.S. competitiveness to our human resource base and 
research and development capacity. The views of these key leaders were 
obtained through a survey and three regional meetings held in April, 1987. 

The study focused on three primary topics: the adequacy of our human 
resources and their relationship to our ability to compete; U.S. investment in 
research and development; and technology transfer, i.e. the ability to 
transform research findings into new products and processes. 

Marshalling Human Resources 

Education was viewed by all three groups — business, academia, and 
government — as the key to the nation's competitiveness. While recognizing 
that one of the competitive strengths of the United States has been its human 
resources, the participants expressed concern regarding the quality of 
science, engineering, and mathematics education today. Although this concern 
applied to all levels of education, greatest concern focused on the K - 12 
level , 

At the university level, attention focused on the need for 
state-of-the-art facilities and equipment. Both business and state government 
officers supported the view of university officials that investment is sorely 
needed in laboratory instruments and buildings. There was less concern with 
the quality of undergraduate instruction than the preparation of undergraduate 
students in the sciences and mathematics and concern was expressed regarding 
the ability of colleges and universities to continue to attract and retain 
qual ified facul ty. 

Business executives emphasized the need for high-level technical training, 
continuing education and job retraining. Pointing out that v/o»"kers at every 
level can no longer expect to graduate from school with a skill that will last 
a 1 ifetime, the business respondents emphasized the importance of maintaining 
a flexible workforce. While university officials agreed with this assessment, 
opinion was divided with regard to whether industries, community colleges, or 
universities should have responsibility for providing continuing education and 
training . 
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Participants recommerded that science and mathematics education be 
improved by: 

• improving the quality and quantity of teachers at the K - 12 level 
through the use of scholarships, g»rants and loans; 

• changing certification requirements to allow engineers, physicists, 
and mathematicians to become certified to teach in the K - 12 grades; 

• providing specialized school settings that emphasize math and science; 

• increasing the involvement of the business community in K - 12 
education; and 

• generating greater corporate support for uriversities by 
participating in student cooperative programs, providing staff 
members to act as adjunct faculty, and donating funds and equipment 
to university laboratories. 

Investing in Research and Development 

With regard to U.S. investment in research and development, over half the 
respondents believed that increased support for civilian basic research is 
critical to the future competitiveness of the U.S, economy. There was some 
debate on whether or not the nation's current defense buildup might be 
draining scientists and engineers from the civilian sector, and whether this 
drain has an impact on tne nation's competitiveness. A majority of those who 
expressed themselves on this issue thought that this trend was having a 
distinctly negative, if unmeasured, impact on America's ability to remain 
competitive in the civilian goods sectors. The survey respondents, however, 
did not believe that the concentration of research and development resources 
in the defense sector was a critical issue affecting competitiveness. 

An interesting difference emerged ^rom the survey in how much importance 
university officials placed on research and development resources as an issue 
affecting U.S. competitiveness as opposed to the competitiveness of their 
university. When asked to rank six major issue areas — human resources, 
research and development resources, fiscal and monetary policy, federal 
regulatory policy, and technology transfer — the universitv respondents 
ranked research and development resources first in terms of its impact on the 
university's competitiveness but sixth in terms of its impact on the nation's 
competitiveness. Business and state officials both ranked research and 
development resources as t.iird in importance in regard to the nation's 
competitiveness. 

The study participants agreed that in order to meet the challenge of 
economic competitiveness, the United States as a nation must not only make a 
commitment to its research system, but redefine the relationship between 
government, universities and businesses in the conduct of research and the use 
of : search findings. The study focused specifically on the new i.idustry/ 
university research partnerships being created and sought to answer the 
following questions: what is the level of commitment on the part of both 
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businesses and universities to these new partnerships? How effective do the 
respondents feel these joint efforts have been? What obstacles have been 
encountered in implementing university/industry programs? What steps could be 
taken to improve such partnership arrangements? What is the opinion of 
busine<;s and university leaders regarding state efforts to promote 
partnershi ps? 

The concept of university-industry research partnerships and state efforts 
to promote such partnerships generally received high marks, but the study 
participants outlined a number of difficulties in their implementation. Both 
business and university officials stressed the need for greater corporate 
involvement. Industry, they indicated, is not committing its "best and 
brightest" scientists and engineers to these joint ventures. Some university 
officials also expressed reservations regarding the expectations being placed 
on these new partnerships to produce short-term economic development results. 

There was general agreement that tlie new university-industry partnerships 
are experimental and that there is a need to monitor the outcomes of these 
efforts and assess their effectiveness. 

In spite of business' support for industry-university partnerships, 
slightly more than half of the business respondents did not believe that 
cooperative research among industries and universities would have a critical 
impact on U.S. competitiveness and even fewer, approximately one-quarter, 
believed it would have a critical impact on the competitiveness of their 
firm. In contrast, over 80 percent of the state officials and two-thirds of 
the university respondents believed that cooperative research among industry 
and universities will have a critical impact on U.S. competitiveness. 

Measures suggested for encouraging the growth of university/industry 
cooperative research include: 

• Modification of existing anti-trust restrictions to encourage 
research and development joint ventures. 

• Expansion of the number of technology centers. 

• Provision of direct federal financial support for certain 
industry-uni versi ty partnershi ps . 

« Establishment of multi-industry, multi-disciplinary research parks. 

• Alteration of laws to allow faculty members to take equity positions 
in research and development joint ventures. 

• Development of uniform terms and contracts for joint ventures. 

Creating an Innovative Environment: Getting Ideas to Marketplace 

The final issue examined was technology transfer, the ability to apply new 
research findings in the marketplace. Business respondents do not believe 
technology transfer to be a critical issue affecting the nation's 
competitiveness. A review of the survey responses, however, indicates that 
the term technology transfer covers a wide array of issues some of which were 
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identified as areas of serious concern. One such issue, for example, was the 
excess time lag in the commercialization of technology by business. Several 
meeting participants argued that the United States has not had a significant 
problem with commercialization that is, bringing a product to market ~ but 
that it has experienced problems involving production and marketing, i.e., 
being able to produce a high-quality oroduct at a competitive price. 

Respondents from all three sectors believe that business' lack of 
long-term goals and vision has hindered the commercialization of U.S. 
technology. The business community was faulted, by its own representatives, 
for lack of patience, and for focusing on the next quarter's profits rather 
than the potential payoff from long-term investments in product development. 

With regard to state programs, the business and university officials 
indicated a greater awareness and use of the programs that support research 
and development rather than those designed to assist in commercialization. 
The fact that business officials exhibited less interest in commercialization 
assistance programs may reflect the fact that the majority of the business 
respondents represent large firms, firms which have access to in-house 
technical expertise. A breakdown by size of firm shows that smaller companies 
did, in fact, show a greater degree of interest in the state commercialization 
asoi stance programs . 

Specific suggestions for improving commercialization include: 

# Development of more accurate indicators of technology transfer so 
that U.S. strategists have a better grasp of the dimensions of this 
problem. 

# Increased interaction between technologists at primary manufacturing 
firms and those in supplier firms. 

• Development of a cadre of technology transfer agents or mechanisms 
that will permit entrepreneurs to acquire and commercialize 
technology discoveries unused by either major laboratories or 
university research centers. 

• Provision of specialized advice and technical support for small firms 
seeking to commercialize leading-edge technologies. 

Conclusion 

The industry, university and government leaders participating in the study 
agreed that science and engineering research and education have in the past, 
and will continue in the future, to play a crucial role in determining U.S. 
competi ti veness . They further agreed that for the most part, the Uni ted 
States has a healthy and vibrant research and education system. Yet to 
maintain it^ competitive position and retain its technological leadership in 
the face of increased investment in research and education by our foreign 
competitors, the United States must continue to increase its investment in 
these areas . 
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The study participants identified a number of areas for improvement. 
These include science and mathematics educatiofi. university/industry 
cooperative ventures, and greater commercialization of research findings. The 
study also revealed, however, that much of the change that must occur is 
long-term in nature. Demographic factors and the increasingly technological 
nature of the modern economy, for example, will require a long-^erm 
perspective of our human resource needs, with greater emphasis on life-long 
education and retraining. In addition, changes in the nature and conduct of 
research are requiring universities, industry and government to change the way 
they operate and how they relate to each other. Such changes will not be 
achieved overnight. 

In addition to determining the views of business, state government, and 
university officials on research, education, and competitiveness, the study 
raised a number of issues that merit further consideration. First, what 
actions should be tak.en to improve science and mathematics at the primary and 
secondary school level s? Second, demographi c changes and a decl ine in the 
number of American students pursuing science and engineering degrees will 
necessi tate increased involvement of women and minori ties in science and 
engineering. How is this to be achieved? Third, how can long time lags ^n 
the commercialization process be reduced? Fourth. university/industry 
partnerships should be evaluated and th^Jr performance tracked over time. By 
what criteria do we judge their performance and their contribution to the 
generation and transfer of knowledge? 

Lastly. future partnerships require redefinition. What is the 
relationship between state initiatives and federal efforts regarding research 
and development? Are state/fede al partnerships needed, and if so, how should 
they be structured? How would a restructuring affect the private sector and 
the academic community? These are questions that should be adoressed if the 
United States is to meet the growing economic challenge. 



public institutions of higher education where most university research and 
development takes place. 



In many cases, state goveri lents provide a critical link to the private 
sector, acting as catalysts to encourage the application of research 
findings. Over the past five years, state governments have, in fact, provided 
funding for research and development projects, sought to improve research 
f aci 1 i ties at state col 1 oges and un i vers ities. set up a host of programs 
designed to help inventors and entrepreneurs start new businesses, help 
existing firms adopt new technological processes, and generally improve the 
link between the performers and users of research. 

To meet the challenge of economic competitiveness, the United States as a 
nation must make a long-term commitment to its education and research system. 
But WG will achieve the goals of maintaining the leadership position in 
science and technology and speeding the diffusion of new knowledge and 
technology throughout the economy only if government, universities, and 
industry work together. This will require an openness on the part of each 
party and a willingness to redefine relationships and experiment with new ways 
of doing business. This report contains the suggestions of state government, 
business, and educational leaders on how best to do this. 
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MARSHALLING HUMAN RESOURCES 

No discussion of competitiveness can continue for very long without 
focusing on the issue of America's human resources and their relationship to 
our ability to compete. The National Commission on Excellence in Education in 
their landmark study, A Nation at R i sk , concluded: 

"History is not kind to idlers... we live among determined, well-educated, 
and strongly motivated competi tors . . .Ameri ca' s position in the world may 
once have been reasonably securp with only a few exceptionally 
well-trained men and women. It is no longer." 

In past cecades, one of the competitive strengths of the United States has 
been its human resources. The quality of our scientific and engineering 
professions, coupled with a highly skilled work force, have played a critical 
role in supporting U.S. technological innovation. Recent trends, however, are 
disturbing. The National Science Foundation reports, for example, that the 
United States no longer holds an advantage over our trading partners in the 
number of scientists and engineers per capita. In ar'iition, the numbers of 
students available to pursue science careers will decline from now until the 
1990s. 

In addition to these trends, concern has arisen regarding the quality of 
science and technical education at the elementary, secondary, and college 
level. A re'^ent report by the National Science Board found serious 
deficiencies In undergi^aduate science. mathematics. and engineering 
education. 

These include: 

• serious deterioration in laboratory instruction; 

• faculty memberc unable to update their disciplinary knowledge and to 
make use of computers and other advanced technologies; and 

• courses and curricula which are out of date, unimaginative, poorly 
organized for students with different interests, and fail to reflect 
recent advances in the understanding of teaching and learning. 

In order to assess the quality and availability of both our existing and 
future scientific and engineering personnel, information on human resources 
was collected in the survey and discussed at the regional meetings. Far and 
away, human resources emerged as the most critical factor affecting the 
nation's competitiveness. 

The survey respondents were asked how the various issues examined in the 
study—human resources, research and development resources, technology 
transfer, and federal trade, monetary, and regulatory policy—ranked in terms 
of their firm's, university's or state's competitiveness and then how they 
would rank these same issues as affecting the nation's international 
competitiveness. All three groups ranked educational and human resource 
policies and practices as the key issue affecting the nation's 
competi tiveness . Executives surveyed al so i ndi cated that human resources i s 
the key issue affecting the competitiveness of their individual firms. 
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The ranking selection of state officials differed somewhat. State 
government officials, wlien considering these same factors as they apply to 
their state's comp'^ti ti voness . rank trade issues of primary importance and 
give human resource^; only a ranking of fourth. But when asked how they 
believe the issues apply to the nation as a whole, they move human resources 
to the top-ranked position. 

The view that education and human resource development is the key to the 
nation's future competitiveness was reiterated at the regional meetings. "The 
only truly durable response to competitiveness is education." said one 
chemical company executive. "All other things must follow after it. Even 
innovation and research and development cannot last long without a good base 
in education." 

Meeting Future Needs 

Having identified human resource needs h** an area o^ critical concern, the 
survey respondents were asked to identify the specific human and educational 
resources thought to have the most significant impact on our nation's 
competitiveness. The respondents were asked to rank each issue as of 
critical, moderate, slight, or no impact on competi tveness . Table 1 shows how 
the respondents rated these issues. The respondents were also asked to 
consider the effect of these issues on their individual business, university, 
and state. These results are shown in Table 2. 

Greatest emphasis was placed on the need to develop and maintain an 
adequate supply of science, engineering, and technical personnel, with 90 
percent of the business respondents. 97 percent of the university respondents, 
and 86 percent of the state respondents giving :his issue a critical rating in 
the survey. Preparation of elementary and secondary students in science and 
mathematics also received a critical ranking followed by a concern with the 
supply of science teachers at all levels. Two-thirds of the business 
respondents also felt that the preparation of undergraduate students in 
science and engineering curriculum was a critical issue. 

The discussion at the meetings reiterated these concerns and raised 
several additional ones. First, there was widespread agreement on the need 
for increased attention to K - 12 education in general and to science and 
mathematics education at l1.:s level in particular. Second, there is a need 
for continued investment in our university systems. Third, the meeting 
participants identified a need for retraining and continuing education, an 
area not identified as a high priority concern in the survey. There was very 
little difference in opinion among the business, university, and government 
sectors in regard to these issues. 

Closing the Personnel Gap . Most of those surveyed and attending the 
meetings hold to the belief that the nation will suffer from a shortage of 
qualified engineers, scientists, and technicians in th'^ near future; and they 
have suagested various remedies for this shortage. This was. in fact, the 
human resource issue rated most important to the survey respondents. In 
general, respondents from both the business and university communities believe 
that market forces — principally higher salaries for scientists, engineers, 
and technicians — will solve the shortage issue. The study participants also 
believe that improvement*'^ in education and special incentives may be needed to 
ensure an adequate supply of skilled workers. 
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Table 1 



Human Resource Issues 
Percentage of Respondents Rating Issue as Critical to the 
Competitiveness of U.S. Economy 



Developing and maintaining 

adequate supply of science, engineering, 

and technical personnel 

Preparation of elementary and 
secondary students in science and 
mathematics 

Supply and quality of science teachers 
at al 1 1 evel s 

Preparation of undergraduate students 
in science and engineering curriculum 

Developing public understanding of 
science and engineering 

Availability and value of continuing 
education programs 

Increased reliance of U.S. industry 
on foreign student graduates of U.S. 
uni versi ties 

Cost-benefits of obtaining a science 
or ei^gineering education vs. other 
graduate training 



Busi ness 
90^0 



81 



Uni versi ty State 
97% 86% 



80 



63 



39 



32 



32 



26 



86 

84 
71 
43 
33 
41 

25 



77 

64 
50 
33 
33 
32 

15 



Source: Unless specified, all tables in this report are based on the National 
Governors' Association/ Conference Board survey on the role of 
research and education in economic competitiveness, 1987. 
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Table 2 

Human Resource Issues 
Percentage of Respondents Rating Issue as Critical to the 
Competitiveness of Their Company, University, or State 



Busi ness Uni vers i ty State 

Developing and maintaining 77% 581 77% 

adequate supply of science, engineering, 
and technical personnel 

Preparation of elementary and 58 68 79 

secondary students in science and 

mathematics 

Supply and quality of science teachers 56 68 74 

at all level s 

Preparation of undergraduate students 58 53 49 

in science and engineering curriculum 

Developing public understanding of 22 30 30 

science & engineering 

Availability and value of continuing 24 29 51 

education programs 

Increased reliance of U.S. industry 15 20 19 

on foreign student graduates of U.S. 
uni versi ties 

Cost-benefits of obtaining a science 24 IC 17 

or engineering education vs. other 
graduate training 
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Some of the specific suggestions include: 

• Promote the economic advantage of science and engineering education 
by advertising the availability of techni cal ly-oriented jobs in the 
private sector. 

• Provide expanded financial assistance to undergraduate stuoents 
majoring in science and engineering. 

• Subsidize Ph.D. candidates in science and engineering who agree to 
teach for a two ~ to three-year period after graduation. 

• Improve the quality and availability of science teachers in the K-12 
grades by increasing salary levels for these teachers. 

• Provide special scholarships for science teachers in training. 

The majority of these suggestions deal with improvements in the educational 
system and are discussed in greater detail below. 

Improving K-12 Education . The senior vice president of a multinational 
communications firm outlined some of the factors that have raised concern 
regarding our education system: 

"It is well known that 25 percent of our American students will not even 
graduate from high school and, of those who do graduate, many lack 
fundamental reading, writing, and mathematics skills. Add to this the 
fact that the Nat onal Science Teachers Association reports that 50 
percent of aM science and mathemati cs i ns true tors probably are not 
qualified to teach. Meanwhile, businesses need entry-level employees, not 
just with a firm grasp of the basics, but with high-order technical, 
analytical, and problem-solving skills." 

In addition to the need to improve the nation's K-12 education system, a 
number of specific concerns also surfaced. First was the need for scientific 
literacy, i.e., a general understanding of the role and contribution of 
science. The meeting attendees agreed that the majority of Americans will 
need to be science-literate to operate in our society — although only 39 
percent, 43 percent, and 33 percent of the industry, university, and state 
survey respondents, respectively, identified developing public understanding 
of science and engineering as a critical issue affecting U.S. competitiveness. 

Second, in order to interest young people in science and engineering 
careers, the study participants believe that the nation must begin to develop 
this interest at the very early grade levels. Demographic changes over the 
next ten years indicate that, in order to produce a sufficient supply of 
scientists and engineers, the United States will have to greatly increase the 
proportion of students going into such areas and attract previously untapped 
sources, namely minorities and women. One way to achieve these goals is to 
focus on students at the K-3 level. 
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The program administrator for curriculum in one western state says: 

"WeVe trying to start in kindergarten, because high school is way. way 
too late... By then, the attitudes are formed, directions are pretty well 
ascertained, and its too late to have much impact on the kids if they 
haven* t already got some kind of a bent toward science and technology and 
scientific literacy." 

The participants also felt that efforts to recruit minority students 
should start as early as possible. Lack of role models was identified as a 
problem in trying to interest more minority students in science and 
mathematics. In the State of Washington, for example, a state official 
reported. "No Black or Hispanic will graduate from a teacher preparation 
program for mathematics and science in the next four years." 

Support i ng Un i vers i ti es . In discussing the present condition of 
undergraduate education, the meeting participants identified three primary 
needs. First is the need to attract qualified faculty. Second is to ensure 
that graduates have the skills required by business, and third is greater 
investment in facilities and equipment. 

Colleges and universities are faced with the problem of seeking to attract 
qualified faculty at salaries competitive with the private sector. This will 
become increasingly critical as current faculties age and the supply of new. 
competent faculty decreases. 

With regard to the skills level of today's college graduates, the senior 
vice president for one of the nation's largest banks reports that her division 
(data processing) does no entry-lev2l hiring of recent college graduates. 
"The reason is that they are not skilled in anything that we can use right 
away." Many secondary schools ara building EDP systems technology into their 
curriculum, and while this is encouraging, the executive said, "it may not be 
enough." She recommends a continued focus on the university system in order 
to ensure that it is not only turning out quality students, but that they 
possess skills that meet the need of the market. 

Investment in facilities, equipment, and structures is also needed.' 
The academic dean at one western college reported "We haven't, with the 
exception of computers, replaced a single major piece of equipment since the 
college was completed over ten years ago." And the president of a major 
engineering school agreed for the need of investment in facilities and 
equipment, saying that a major concern of public research universities in his 
state is a facilities concern. 

Need for Conti nuing Education and Retraining . In the past, successive 
generations came into the workforce with an educational grounding and a set of 
skills that they would find useful for most of their lives. While the 
importance of a basic education remains, the skills now required for continued 
employment are changi ng so rapidl y that conti nui ng education i s essential ; 
consider that the half-life of a software engineer, i.e.. the time during 
which the cutting-edge knowledge gained from previous education will become 
obsolete, is estimated to be two and a half years and that of an electrical 
engineer is five years . 
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There was recognition among the meeting participants that demographic and 
technological factors will require a fundamental shift in the way the nation 
thinks about careers and training. Investment in human resources, which has 
focused traditionally on training new entrants to the workforce, is going to 
have to be refocused on the continuing education and retraining of experienced 
♦workers to maintain currency of skills. 

Twenty-six state government survey respondents report skills retraining 
programs for production, technical, or research staff. Approximately 45 
percent of both the industry and university respondents report they are aware 
of these programs, although only 23 percent of the businesses and 27 percent 
of the universities report having used them. The discrepancy between the 
importance placed on skills retraining by the meeting participants, as opposed 
to the survey respondents who did not rank skills retraining very highly, may 
reflect the fact that the survey respondents did not consider ongoing 
education in the same category as skills retraining. 

While recognizing the need for continuing education, the meeting 
participants also identified several obstacles to such programs. It was 
suggested, for example, Ihat vocational and technical schools lack the 
necessary resources to respond to changing skills requirements. Our national 
tax policies create disincentives for employees who seek educational and 
occupational mobility through their own self-inUiated training efforts. 
There is little real incentive for employers to provide retraining activities 
in the workplace. It was argued further that our unemployment insurance 
system contains few incentives for displaced workers to seek retraining. 

The meeting participants concluded that we must redefine the roles of 
industry and academia in retraining. One executive suggested perhaps some of 
the institutions that have traditionally considered the^^iselves as "providers 
of education," need to rethink whether or not their best role for the next 
decade may be in the retraining area. 

Government ' s Rol e 

As state governments have primary responsibility for funding K-12 
education, they will play a critical role in meeting human resource needs. At 
the regional meetings, both Governor Booth Gardner of Washington and Governor 
Thomas Kean of New Jersey emphasized the fundamental role that governments 
play as educators. Governor Gardner stated: "The basic service we provide 
(among many others ~ but the primary service in terms of where our money goes 
and what I think is most important) is education. That is the foundation. We 
can do everything else we want in all other areas: in agriculture, trade and 
economic development, and a number of other areas; but if we don't have a 
solid foii.ndation , all our other work is for naught." 

State Education Ini tiatives . Governor Kean referred to the leadership 
role of the states in a national educational reform movement which is sweeping 
the country. "I'm talking about higher standards for children, I'm talking 
about higher standards for teachers, and we are pushing at every level." Many 
of these state education reforms are already addressing the issues raised by 
the meeting participants and the survey respondents regarding needed changes 
at the K-12 level.' 
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The issue of differential salaries for math and science teachers and 
changes in certification requirements were discussed at some length by the 
meeting participants in Washington. One state official pointed out' that 
teachers within the K-12 system are strongly opposed to differential pay 
scales. He added that, in his state, educational officials are trying to find 
other incentives, such as staff development, special equipment, and additional 
privileges. He added that one way in which the quality of science and 
mathematics education can be improved is by providing money for high school 
science labs. 

It was also suggested, however, that in spite of the problems associated 
with differential pay, it might 5:omeday be implemented. "I wouldn't be 
surprised if the understandable resistance to differential pay scales in the 
professional education community is not overwhelmed by political and societal 
concern in the foreseeable future," said one of the meeting panelists. 

With regard to teacher certification, there were two suggestions made. 
The first was to increase the number of science courses required for 
certification as a science teacher and the second was to change requirements 
to allow engineers, physicists, and mathematicians to become certified to 
teach in the K-12 grades; for example, by completing a one-year graduate 
teaching program as opposed to taking two to three years of education courses. 

A number of states are, as noted, already addressing the issues raised by 
the meeting participants regarding K-12 education. Additional possible 
actions for state government include: 

• help local districts enhance math and science curricula in K-12 
system by improving the quality and quantity of teachers in these 
critical areas including the use of scholarships, grants and loans, 
and alternative certificate paths for teachers; 

• provide more specialized school settings that emphasize math and 
science, including summer institutes for promising students; 

• promote the accelerated movement of students between secondary and 
post-secondary institutions for advanced learning; and 

• generate more scholarships for students going into engineering, 
especially manufacturing and the sciences, by leveraging resources 
from the private sector. 

State governments also have a role to play in retraining and continuing 
education, although their role here is probably subordinate to that of the 
business and university communities. States can, however, use state community 
college systems and vocational and technical schools to provide the training 
and retraining needed for a highly flexible workforce. 

Finally, the states have a responsibility to develop prograriis to encourage 
minorities and women to enter science and mathematics programs. As Governor 
Kean pointed out, "^n increasing number of the children we are trying to 
educate are Black or Hispanic. It is estimated that one ou** of three children 
in our public schools will be minority children by the year 2000. We simply 
have to do a better job of bringing these school children and these citizens 
into the mainstream of American life." In the state of Washington, a program 
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called Even Start has been implemented to address this need. The program 
works with parents so that they will become literate enough to be able to 
understand what their children are learning in grades K-3 underscoring the 
recommendation of the meeting participants that the best way to interest young 
people, including minorities, in mathematics and science is to begin at the 
K-3 level. 

Federal Support for Science and Mathematics Education . Although the major 
responsibility for education rests with the states, there was considerable 
comment by survey respondents on the need for increased federal support at the 
K-12 levels. Forum participants indicated their support for ongoing federal 
activities designed to improve the quality of science, mathematics, and 
engineering education.^ 

An additional proposal made at the Michigan meeting was for N3F to fund 
faculty summer positions in industrial laboratories. It was felt that such 
internships would help to improve the skills of both secondary- and college- 
level teachers. 

The Role of Business 

In the past thirty years, corpora^-e support of colleges and universities 
has risen from approximately $40 million to more than $1 billion. In addition 
to the direct support of colleges and universities, business corporations 
currently provide an estimated $350 million in other educational aid — 
scholarships and fellowships to students, grants to precollege institutions, 
donations of equipment, and support of many educational activities and 
organi zations . 

^he business executives participating in the meetings believed that the 
business community should become more active in supporting K-12 education 
and should increase its participation in university-based programs. One 
business executive used the example of a math and science center established 
wi th industry support. 

"Last year, our company gave $2 million to form and endow a math and 
science center. This is a brand new center containing the latest in 
technology for education of high-school students. In addition to 
providing an accelerated and very high-quality education for 300 students 
on a continuing basis, it has an outreach function that will increase and 
improve the quality of science education and awareness in the entire 
communi ty . 

"I think that this kind of modest investment will do more toward improving 
this country's technological competitiveness than anything else we could 
have done with the money, including the worthwhile endowment of one or 
more university chairs." 

The meeting participants agreed that corporations have a major role to 
play in meeting retraining and continuing education needs. There was 
recognition, in fact, that most large corporations have very strong education 
programs which include tuition refunds and time off to get advanced degrees in 
addition to the massive internal education programs that are offered. A 
participant pointed out however, that you have to make a very clear 
distinction between the very large corporations that in terms of training have 
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the ecohomies of scales to do 1 1 in-house and the small firms, which have 
neither the scale nor the resources to provide employee training on a 
continuing basi s. 

Corporations also have specific ideas on how they can assist 
universities. There is a striking degree of agreement with the vi?ws 
expressed by their university colleagues. The prima»*y ways, rank ordered, are: 

• Through participation in student cooperative programs. 

• By providing staff members to serve as adjunct faculty. 

• Through funds and equipment donated to university laboratories. 

Several firms in Washington and Oregon suggested that business could 
assist in curriculum development. "We are applications-oriented. We can help 
university engineering departments stay in a practical venue by participating 
in curriculum planning and providing insight into industry's technology 
needs." A Midwestern company wrote "We would like to assist in teaching and 
provide hands-on experience with our advanced equipment." 

Several firms in Minnesota. Michigan. Montana, and Illinois recommended 
expanding student internships, visiting professor programs, industry supplied 
part-time teachers and two-way sabbaticals. An Illinois manager writes "We 
can help by establishing strong, informal communications channels between 
universities and our R&D laboratory. This can be accomplished by joint 
research programs, joint seminars, informal visits and grants to faculty in 
important, emerging technology areas." 
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NOTES 



1. Two major recent reports, the White House Policy Council (Bromley-Packard) 
report on the health of U.S. universities and a report published by the 
Gcvernment/Universi ty/Industry Research Roundtable of the National Academy 
of Sciences, find widespread agreement that there is a nred to modernize 
deteriorating and obsolete research facilities at universities and 
colleges. The latter report estimates that unmet demand for new facilities 
construction and renovation of research facilities will range from $5 to 
$20 billion in the next ten to twenty years. 

2. States have raised standards, expanded the number of mathematics and 
science courses required of students, increase:; the amount of time devoted 
to mathematics and science. established more rigorous graduation 
requirements, and inserted computer literacy into the curriculum. In 
addition, some states have established special science and mathematics 
high schools, provided scholarships for students to encourage pursuit of 
math and science undergraduate degrees, and instituted recruitment 
programs for science and math teachers. (See APPENDIX III.) 

3. The National Science Foundation's fiscal 1988 budget request proposed 
several initiatives to improve science and engineering education at 
pre-college, college, and graduate levels. Pre-college activities, which 
include hands-on research experience to encourage science, mathematics, 
and engineering careers through enrichment activities for talented high 
school students and development of improved teaching materials, would be 
funded at $68 million under the new budget. An additional $70 million 
would be used to improve the quality of undergraduate instruction. 

The Department of Education also provides support for improving science 
and mathematics education. Funded at $80 million for fiscal 1987. this 
program provides grants to states to offset part of the cost for training 
and retraining mathematics and science teachers at the secondary level. 

Federal agencies, for the most part, support graduate and post-doctoral 
level education through research project support and competitive 
fellowships. In 1985, NSF. the National Institutes of Health, the 
Department of Defense, and other federal agencies, supported 20 percent or 
all full-time engineering and science graduate students in 
doctorate-grarting institutions. 

NSF also operates programs designed to encourage promising young 
scientists and engineers to remain in academic career^, e.g.. Presidential 
Young Investigator's Award P-^ogram, and to encourage women and minority 
students to pursue science and engineering careers. 
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INVESTING IN RESEARCH AND DEVELOPMENT 



U.S. investment in research and develooment has been credited with making 
the United States the world leader in science and technology and with the 
related growth in economic productivity. United States spending on research 
and development in 1987 is estimated to be $123.2 billion. Roughly half of 
these funds are provided by the private sector, with the federal government 
providing the majority of the remaining half, and states and other source: 
providing 3 percent of the total. 

There is concern, however, that the United States is losing its 
dominance. First, while U.S investment in research and development is the 
highest of any country in the world. U.S. investment in civilian research and 
development as a fraction of GNP is less than that of Germany and Japan. In 
1983 the United States invested 1.91 percent of GNP in non-defense R&D while 
Germany invested 2.47 percent and Japan 2.60 percent. The federal investment 
in applied research and development in non-defense areas is estimated to have 
declined by 17 percent and 55 percent, respectively, in constant dollar terms 
between 1980 and 1985. Business support of applied research during the same 
period grew at an average annual rate of 10.2 percent in constant dollars. 

Second, the proportion of our trading competitors' workforces engaged in 
research and development has increased sharply since 1965 and is beginning 
to approach U.S. levels e.g.. Japan and Germany have doubled their research 
and development workforces during this period. 

These factors raise concern regarding the United States' ability to not 
only maintain its leadership position but to gain on our competitors. The 
survey and the meetings collected information on what needs to be done to 
ensure that the United States maintains its competitive edge in research and 
development. 

Me eting Research and Development Needs 

The survey respondents were asked to indicate the Importance of research 
and development resources to U.S. competitiveness. An interesting difference 
emerged from the survey in how much importance university officials placed on 
research and development resources as an issue affecting U.S. competitiveness 
as opposed to the competitiveness of their university. When asked to rank six 
major issue areas human resources, research and development resources, 
fiscal and monetary policy, federal regulatory policy, and technology transfer 
-- the university respondents ranked research and development resources first 
in terms of its impact on the university's competitiveness but sixth in terms 
of its impact on the nation's competitiveness. Business and state officials 
both ranked research and development resources as third in importance in 
regard to the nation's competitiveness. 

The survey also collected information on five issues affecting the 
allocation and use of research and development resources. The respondents 
were asked first to indicate whether they believe that the concentration of 
research and development resources in the defense sector was having an impact 
on competitiveness. They were also asked whether or not they believe that 
increased support for civilian basic research would have a strategic impact on 
the U.S. economy. 
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The respondents were also asked to indicate the importance of access to 
state-of-the-art research and development equipment and facilities, the 
significance of increasing industrial support for university-based research, 
and the importance of cooperative research to the competitive position of the 
United States and their individual business, university or state. Tables 3 
and 4 show how these issues were rated by the respondents. 

Increased Support for Research anc ^ Development. Over half the respondents 
believe that increased support* for civilian basic research is critical to the 
future competitiveness of U.S. economy. Fifty-seven percent of the 

business leaders. 67 percent of the state officials, and 72 percent of the 
university officials believe that increased support for university-based 
civilian .-esearch is critical and approximately 50 percent of each group 
believes ^hat increased support for civilian basic research by industry is 
critical to competitiveness. Approximately 60 percent of the state and 
university respondents indicated that increased industrial support for 
university-based research is also a critical issue affecting U.S. 
competitiveness. However, only a third of the business respondents shared 
this view. 

Although all three groups believe that greater investment in civilian 
research and developn^nt is a critical issue affecting U.S. competitiveness, 
only one-third of the business and university officials regard the 
concentration of research and development resources in the defense sector as 
having a critical impact on U.S. competitiveness. State officials placed 
greater emphasis on this issue with nearly half indicating that this factor 
has a critical impact on the nation's competitiveness. 

Access to Facilities and Equipment . Many of the business leaders 
questioned believe that in order to make significantl gains on our 
competitors, industry needs more access to state-of-the-art equipment. Nearly 
80 percent of the repondents ranked this as either of critical or moderate 
importance. Many university leaders agreed with their business counterparts, 
citing what they describe as "the deplorable state of university research and 
development equipment." Several respondents commented that the equipment 
science and engineering students use is very often older than the students 
themselves. University leaders would like more sharing of equipment with 
industrial laboratories and. naturally, would encourage business to make 
equipment donations to local colleges and universities. State government 
officials also placed priority on the need for universities to have access to 
state-of-the-art research and development facilities and equipment. 

Importance of Cooperative Research . State government officials placed 
highest priority on cooperative research among industry and universities with 
over 80 percent rating this issue as critical to U.S. competitiveness. Less 
than half of the business respondents and two-thirds of the university 
respondents agreed, however, that the issue was critical. In addition, even 
fewer the businesses rated either cooperative university/industry research 
<3 critical to the competi ti vene^o of their company. This may indicate that 
many business leaders, and a number of university officials, do not perceive a 
pressing need for joint university/industry ventures. 
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Table 3 

Research and Development Issues 
Percentage of Respondents Rating Issue as Critical to the 
Competitiveness of the U.S.. Economy 



Access to state-of-the-art 
R&D equipment and facilities 

A. by industry 

B. by uni versi ties 

Increased support for civilian 
basic research as performed 

A. by industry 

B. by uni versi ties 

Importance of cooperative 
research: 

A. among industries 

B. among industries and 

uni versi ties 

Significance of increasing 
industry support for 
university-based research 

Concentration of research 
and development resources 
in the defense sector 



Business Uni versi ty State 

69% 817o 68% 

66 78 78 

46 57 50 

57 72 67 

44 44 45 

45 67 83 

34 59 62 

34 35 48 



ERIC 



21 

28 



Table 4 



Research and Development Issues 
Percentage of Respondents Rating Issue as Critical to the 
Competitiveness of Their Company, University, or State 



Access to stc e-of~the-art 
R&D equipment and facilities 

A. by industry 

B. by uni versi ties 

Increased support for civilian 
basic research as performed 

A. by industry 

B. by universi ties 

Importance of cooperative 
research: 

A. among industries 

B. among Industries and 

universi ties 

Significance of increasing 
industry support for 
university-based research 

Concentration of research 
and development resources 
in the defense sector 



Business Uni versi ty State 

527o 46% est 

38 71 83 

25 26 49 
28 64 65 

26 20 35 

27 52 74 

20 52 54 

10 10 35 
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Ir the view of state officials, one of the barriers to innovation is the 
traditional view of American industry. One of the goals of many state 
programs, therefore, is to change these perceptions. The survey indicates 
that attitudes must change if cooperative ventures are to play a major role in 
supporting U.S. research and development. 

The Changing Nature of Research and Development. Participants at the 
state meetings were asked to comment on what they saw as necessary components 
of the effort to rebuild research and development resources. There was 
general agreement among the meeting participants that the issue is not whether 
or not we are spending sufficient dollars on reseai'ch and development. The 
V J ce-president for research and development of an automotive company expressed 
it this way: "What is more important probably is the quality of the research, 
the attitudes of the people that do it. and the direction in which it is 
aimed." The pai^ti :i pants did agree that the nature of research is changing, 
thus there is a need for the performers and users of research to respond. 

One change cited by the study participants involves the fact that research 
is becoming more complex, more capital-intensive. and dependent on 
sophisticated instrumentation and computers. This change was reflected in the 
survey results noted above, with 80 percent of the business respondents 
identifying access to state-of-the-art equipment and facilities as of either 
critical or moderate importance to U.S. competitiveness. 

A second change noted is that research is becoming increasingly 
interdisciplinary in nature. While it has always been true that new fields 
are created at the boundaries of existing ones, the meeting participants 
suggested that this is now happening at a much more rapid pace. The president 
of a major pharmaceutical company attested to the interdisciplinary nature of 
his industry when he reported: "We have within our biological department no 
less than fifte ^ (separate) disciplines represented." 

A third change is a recognition that the line between basic and applied 
research is blurring and that there is a need for greater interaction between 
basic research and technology development. One meeting participant said. "We 
have come to realize that the innovation process is not a sequential process, 
(pure science leading to technology and to economic opportunity) but involves 
strong coupling - both ways - between technology and basic science. Each is 
stimulated by and dependent on the other." 

One response to the changing nature of research and development has been 
the creation of new institutional relationships between businesses — the 
primary user? of research ~ and universities, where most basic research 
occurs . 

Redefining Roles for Government. Industry and Uni versti ties 

The study participants agreed that in order to meet the challenge of 
economic competitiveness, the Un:ted States as a nation must not only make a 
commitment to its research system, but must redefine the relationship between 
government, universities and businesses in the conduct of research and the use 
of research findings. The study focused specifically on the new 
industry/university research partnerships being created and sought to answer 
the following questions: what is the level of commitment on the part of both 
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businesses and universities to these new partnerships?; how effective do the 
respondents feel these joint efforts have been?; what obstacles have been 
encountered in implementing university/industry programs?; what steps could 
be taken to improve such partnership arrangements?; and what Is the opinion of 
business and university leaders regarding state efforts to promote 
partnershi ps? 

Research and Development Partnerships . In spite of the fact that business 
support for university/industry ventures appears mixed, the past several years 
have wi tnessed a major increase in the number of new universi ty/ industry 
research partnerships. For universities, these partnerships have been spurred 
by the prospect of additional research dollars at a time when federal dollars 
are in increasing demand. In addition, universities have benefited from 
donations of state-of-the-art equipment, and increased opportunities for both 
students and faculty to interact with industrial researchers. 

Industry participation in these alliances has been motivated by its need 
to develop and adopt new technological processes and products quickly and to 
secure access to innovative researchers and fresh ideas. The rapid pace of 
technological change has encouraged industry to seek involvement in university 
research programs. 

The chairman of one state's Commission on Science and Technology argued 
for the creation of academic, industrial research centers. "Academic 
industrial partnerships centered in universities can provide our industries 
with a proper arena for long-term strategic thinking away from some of the 
short-term pressures of the marketplace and day-to-day political 
considerations." Such centers give industry direct access to academic 
research excellence, as well as access to faculty and students. In return, 
business participates hy becoming members of centers, donating equipment, 
sponsoring research, and, most importantly, involving its key people on 
advisory boards and in the conduct of the research. 

The meeting participants shared the favorable view of the state officials 
regarding these new partnerships and suggested that close linkages between 
universities and industry are critical to the nation's future 
competitiveness. Many cite the special synergy that takes place when 
market-oriented industry scientists get together with their basic 
research-oriented university colleagues. 

While less than half of the business respondents felt that joint 
university/industry research was critical to the nation's competitiveness, 
when asked specifically about their assessment of existing partnerships, the 
business responses were generally positive. Of the firms responding to the 
survey, four-fifths were aware of state initiatives to promote joint 
industry/university research projects and nearly two-thirds of the businesses 
have parti ci pated in such programs. Over two-thi rds of the business 
repondents gave these programs a high ranking in their assessment of them. 
Three-quarters of the university respondents were aware of the progr^^ms and 57 
percent had participated in them. The university respondents were also 
supportive of the programs with three-quarters giving them a high ranking in 
terms of effectiveness. Thirty-five states reported enacting joint 
industry/university initiatives, thirty-two of which are currently operational . 
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Joint Ventures Among Competing Companies . Joint ventures among competing 
companies were viewed very differently than were university/industry 
partnerships. One firm volunteered that it was generally opposed to joint 
ventures between competing companies because "such arrangements tend to retard 
the introduction of new technology to the marketplace." 

A Washington-based company pointed out: 

"Joint research and development ventures, particularly between competing 
companies, are often very difficult... and potentially illegal. It might 
be possible for government to establish university research and 
development funds that could be spent investigating specific areas of 
i n teres t to industry. In such scenarios industry would, to a 1 imi ted 
extent, be involved in directing the research effort." 

An official at one Alabama university said: 

"Uni vers i ties would be more ef fecti ve if they shi ed away from joi nt 
ventures that involve two or more competing companies. Industry is better 
served with bilateral agreements with university research sources. 

An official at one Midwestern engineering college pointed out that: 
"Fostering cooperation among competitors can be tantamount to state-sanctioned 
monopolies, and it should not be encouraged." 

On the other hand, several study participants called for further easing of 
anti-trust restrictions to allow joint research. Although legislation has 
been passed, allowing cooperative research, some business respondents 
expressed concern that ^uch regulations are subject to change. An 
Indiana-based company stated that in its experience "the mere easement of 
anti-trust restrictions, in a generalized way, is not enough. We need 
specific relief from the risks we see on specific joint research and 
development projects. That eas>^ment should be specific and should be 
formalized." 

Impediments to Partnerships . There was a recognition among the meeting 
participants that these new initiatives are challenging both universities and 
business to change in fundamental ways, A number of obstacles were identified 
which make true partnerships difficult to achieve. First, there is a belief 
that industry and university researchers are operating from very different 
perspectives — what is sometimes referred to as the "two-culture" problem. 
The traditional attitude of many faculty members, which is al30 reflected in 
the university's incentive structure, is that their role \j to discover 
knowledge for its ov/n :ake and to disseminate research findings by means of 
publications. Industry managers are concerned with commercial products and 
applications and protecting proprietary interests. 

The director of a state university Research and Technology Park, outlined 
the following obstacles in the university setting which inhibit the transfer 
of basic research findings to the private sector. 
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"Consulting with industry is not an important criterion for promotion, 
merit increases, or tenure in the university system. In fact, most 
universities have explicit or implicit policies against it. The same is 
true witii applied research and contract research w: th respect to 
industry. It is not encouraged and does not receive the same kind of 
positive evaluation that basic research does. 

In addition, would-be faculty entrepreneurs are discouraged from taking 
equity positions and participating in a start-up venture, not only because 
their peers look down on it, but because state laws and university 
policies have regulations against it." 

An officer of another university made the following comment: 

"Publication continues to be a problem. It is the key to success in the 
academic research environment, but the restrictions associated wi th 
disclosure and patenting (both nationally and internationally) are viewed 
as interfering with the publishing process by most researchers." 

But universities are not alone in setting up barriers to meaningful 
participation in joint research and development activities. A number of 
meeting participants suggested that industry involvement in these partnerships 
is often more symbolic than real. A common complaint heard is that industry 
does not commit its best people to such activities. One participant in a 
joint research and development center commented: "Here the Japanese were 
sending people equal to, or better than, the top five percent of their 
graduate students. The U.S. companies were sending people looking for a year 
to tide them over and who did not contribute very much." 

A university official reported. 

"Business and industry support joint research centers, but we have to be 
more successful at getting corporate scientists to participate. Companies 
will invest many millions of dollars in a center and then attend maybe two 
seminars. The Japanese will send twenty-three of their best young 
scientists, who take the trouble to learn our language and culture, and 
who give as much to the program as they take from it." 

An executive of a large U.S. corporation contributing to a center also has 
problems with the quality of U.S. participants: 

"We put in our $50,000 a year and we attended two seminars... The Japanese 
sent twenty- two ful 1-time people to parti ci pate in the program for one 
year. We, U.S. industry, are very guilty of putting money where it 
counts, but then not participating fully :r\ the education process." 

In addition to either not participating or not sending the very best 
people, it was suggested that industry generally sends staff from their 
research unit, not senior people responsible for product development, 
manufacturing, and design functions. It was suggested that the lack of 
involvement of persons involved in these other functions, especially 
manufacturing, causes problems in terms of moving research findings into the 
marketplace. 
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A final issuc; that was raised is the ability of small businesses to 
participate in cooperative research ventures. A Midwest Center Director 
arguei that: 

"Virtually all the cooperative programs that have been given a lot of 
publicity generally are targeted toward Fortune 1000 companies. Rarely do 
you find small companies, whether they're start-up or established 
companies, involved in cooperative research ventures. They don't have the 
capital and it is difficult for them to connect up with the universities." 

This contention was upheld by the survey data. While 81 percent of the 
firms with 500 or more employees were aware of joint research programs and 71 
percent had participated in joint ventures, only 54 percent of the firms with 
fewer than 500 employees were aware of the programs and only 35 percent had 
used them. 

There was also conctrn expressed regarding the impact of university 
involvement in cooperative programs. Some university officials argued that 
the fundamental role of the university is education. If universities are to 
change and assume a strong economic development role, consideration must be 
given to how such efforts should be supported and how this mission fits in 
with the overall mandate of a university. 

The Dean of Engineering at a major research unive^'sity, which has a number 
of research centers, ^'xpressed concern that "the best and brightest faculty, 
young and old, are chasing money now. They are not chasing ideas.' An 
official from another university saw things quite differently. "With the 
center concept, it is the director, not the researcher, who focuses on writing 
proposals that go to various government agencies. Now the faculty researchers 
have more time to think without worrying about money." 

Making Partnerships Work The survey respondents were asked to look ahead 
at what steps could be taken to encourage the growth of industry-university 
research and development ventures. Some of the most frequently mentioned 
steps and strategies include: 

• Modify existing anti-trust restrictions to encourage research and 
development joint ventures. 

• Expand the number of technology centers. 

• Provide direct federal financial support for certain 
industry- -niversi ty partnerships. 

• Establish multi-industry, multi-disciplinary research parks. 

• Change 1 a^c to ai low facul ty members to take equi ty posi tions in 
research and development joint ventures. 

• Develop uniform terms and contracts for joint ventures. 
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The meeting participants agreed that effective mechanisms for interaction 
are needed and proposed fundamental changes in the behavior and incentive 
structures of both industry and academia. The business respondents 
recommended that university policies regarding faculty consulting, equity 
positions, and conflict of interest be reviewed, and that incentive" programs 
to encourage the disclosure and patenting process need to be put in place. It 
was suggested further that universities must be given the financial resources 
to pursue these policies. 

University reactions to these suggestions were mixed. One university 
official argued that the limiting factor today is not willingness on the part 
of the university to allow open communication. Rather, "it is the financial 
support of the university to prepare itself as a worthy collaborator" that is 
an obstacle. Another participant recommended the development of new 
organizations as a way to improve interaction between industry and 
universities. "What is needed are hybrid organizations, organizations that 
might be within a university or somehow related to the university." 

Some of the university presidents reminded the regional meeting 
participants that much of industry's support may be too narrowly focused. 
That is, th-y said, aid to university research, should have fewer "strings" 
attached, i.e. should not be narrowly targeted to a specific technical goaK 
Sometimes they say, the restrictions on the aid they receive are so tight that 
the university scientists are unable to explore alternatives that, ultimately, 
might be more beneficial to industry sponsors. 

There were also a number of recommendations regarding the involvement of 
private firms in cooperative ventures. Business must be willing to commit 
their "best and brightest" staff to cooperative ventures. It was also 
recommended that industry include representatives from the various operating 
units of the organization ~ from research to design to production to 
marketing ~ in research partnerships. 

State Government Support for Cooperative Research . It was also 
recommended that government, particularly state government, plays an important 
role in encouraging industry/university cooperation. As discussed earlier, 
the participants reacted positively to current state efforts to support 
research and development. In addition to supporting joint industry/university 
research projects, approximately half of the business respondents and 
two-thirds of the university respondents gave research matching grants a high 
rating. 

One area in which the survey respondents disagreed with the meeting 
participants concerned state efforts to target particular industries. Since 
one strategy which states are pursuing is to target certain technologies, the 
survey asked the respondents' opinion on targeted strategies. In the survey, 
both industry and university officials rejected such a strategy. 

Some respondents indicated that they were distrustful of the ability of 
either state or federal government officials to implement effectively a 
targeting strategy. They suspected the decision to target would be 
politically-determined rather than economically sound. Another cautioned that 
"there is a lot of herd behavior and, frequently, important breakthroughs come 
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from areas that are unpopular at a particular time." Meeting participants 
largely took the position that targeting, if it were to be done, should be 
done at the state, not the federal, level. Some participants favored state 
targeting, arguing that states have the ability to identify technological 
niches of importance to both their own and regional economies. 

The meeting participants highlighted two aspects of state initiatives that 
they found very promising. The first is that the states have developed 
integrated strategies for pursui.ig economic competitiveness, and the second is 
the experimentation occurring at the state level. 

With regard to the former, a university official referred to the 
iiTiiginative leadership taken by the nation's Governors in building a strategy 
for job creation. "This strategy focuses on a state-based program emphasizing 
an attractive business climate, education reform, and encouragement of new 
technological capabilities wherever they can be nourished." 

He added: "I think it is a tremendously important contribution state 
Governors have made and I think this is something that federal officials need 
to look at very hard. Since the federal government has not, in my opinion, 
integrated its education strategy, its technology strateg>, and its business 
encouragement strategy into nearly as coherent a strategy as the state of New 
Jersey, the state of Massachusetts and several others." He recommends a 
closer relationship between federal agencies that support science and 
technology and the states that are building meaningful strategies. 

The issue of federal /state cooperation was raised at each of the 
meetings. The participants were generally supportive of new federal 
initiatives of the National Science Foundation and other federal agencies to 
encourage mul tidi sci pi i nary, cooperative research, specifically, the 
Engineering Research Centers, University/Industry Cooperative Research Centers 
and the newly-proposed Basic Science and Technology Centers of the National 
Science Foundation, and the Department of Defense's Univer-.ity Research 
Initiative . 

The chairman of a state commission on science and technology argued, 
however, that the impetus for cooperative research and development must remain 
with the states. "We in the states are close to our people, close to our 
indus tries, and certainly close to our nigher education i nsti tut ions . " He 
added that the states need help in forging research and development 
partnerships and asked that the federal government, particularly the National 
Science Foundation, work with the states in strengthening these new 
partnershi ps. 

Assessing Progress to Date . Finally, a few words of caution were raised 
regarding the danger of excessive expectations for cooperative research 
ventures. The Dean of Engineering at a major university stated: "It is going 
to take some time for this experiment to mature, and the expectations, 
particularly at the state level, are for instant success... Its going to take 
at least a decade to know whether bright young people are coming into the 
field of manufacturing and technology for the civilian market, before we have 
a real sense of change ." 
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Erich Bloch. Director of the National Science Foundation, defined success 
somewhat differently. 



"I would define success as follows: if universities change in two ways. 
First of all. by developing cooperative relationships with industry, and 
also between their own departments and disciplines. The second measure is 
the contribution made by science and technology and engineering centers to 
the educational process. And I would say if this can be achieved, then I 
would call this Great Experiment a success." 

The issue of experimentation was raised again and again by meeting 
participants. "The thing about the state governments. I think that is 
exciting, is that no one assumes ne has the answer, and everyone is trying 
experiments. A lot of them are going to fail, but many of them are going to 
succeed." said the Vice-President for Research of a major midwestern 
corporation. The meeting participants also felt that the fact that these 
efforts are experimental means there is need to measure the outcomes of these 
efforts and assess their effectiveness. 
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CREATING AN INNOVATIVE ENVIRONMENT: GETTING IDEAS TO THE MARKETPLACE 



A strong research and development base, in and of itself, is not 
sufficient to maintain U.S. competitiveness. There is an additional need to 
ensure that the knowledge and technology developed are actually used. In 
fact, this is the area in which U.S. performance is viewed as weaker than many 
of our major competitors. For example, the vi deocassette recorder was invented 
in the United States in 1956; today not one VCR is produced in the United 
States, and two Japanese firms, Sony and Matsushita control 90 percent of the 
U.S. market. There is also concern that American manufacturers have been slow 
to automate. Indicative of the growing lapse in commercialization, in 1986, 
for the first time, the United States ran a trade deficit of high-technology 
products. 

Researchers asked the study participants to take a broad look at what they 
regard as some of the most significant barriers to innovation. Business, 
university, and state officials responded to this request by first describing 
the barriers they consider important to the nation, and then focusing on 
barriers that seem to have particular relevance to their region. 

Transfer of Technology 

The survey respondents gave technology transfer a low ranking in terms of 
its importance to U.S. competitiveness in comparison with human resources, 
research and development resources, and federal fiscal, trade, and regulatory 
policies. While 62 percent of the business respondents ranked human resources 
as one of the top two issues affecting competitiveness and 40 percent ranked 
research and development resources as critical factors, only 12 percent ranked 
technology transfer as one of the top two issues affecting U.S. 
competi tiveness. 

The university respondents also gave human resources and research and 
development resources the top rankings out of the six topic areas. State 
officials similarly ranked human resources as the most significant factor 
affecting competitiveness, but also ranked U.S. trade and fiscal policy higher 
than technology transfer. 

These results are somewhat surprising given the commonly accepted wisdom 
that it is in the area of commercialization, i.e., moving products to market, 
where the United States falls behind its inajor competitors. Several meeting 
participants indicated that they disagreed with the survey findings on this 
point, indicating that they felt technology transfer was of crucial Importance 
to the nation's competitiveness. 

One explanation for the low ranking given to technology transfer may lie 
in the definition of the term. While technology transfer may be used in a 
very general sense to refer to the entire process by which a product or 
service goes from the idea stage to commercial application, the term can be 
defined more narrowly to refer to the transfer of information from researchers 
to users. One would expect to receive different responses from the survey 
respondents based on their interpretation of the term. It should also be kept 
in mind that the business responses to the survey came maihly from 
vice-presidents for research and development, individuals likely to be more 
concerned about research and development resources and their access to skilled 
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engineers and scientists than about finding out about new processes that might 
be applied to production processes. 

Several of the meeting participants made a further distinction in 
terminolory, saying that U.S. industry has not had a problem with 
commerc'v^i ization, i.e., bringing a product to market, rather our competitive 
problems have involved production and marketing — being able to produce a 
high quality product at a competitive price. 

The executive of a major midwestern company commented: 

"The nature of the problem clearly has to do with our implementation. 
Where we have fallen down is in the quality of implementation, the cost of 
implementation, and the approach to continuous improvement as our 
competitors have relentlessly moved forward." 

With regard to specific barriers to technology transfer, the survey 
respondents were asked to rank four issues. Their responses are shown in 
Tables 5 and 6. More than half of the businesses surveyed believe that the 
time lag in the commercialization of new technology by industry is an issue 
that puts the United States at a competitive disadvantage in world markets. 
When one looks at the variance between the impact on a particular firm, 
university, or state and the impact on the entire economy, we find no 
differences in ranking, although in all categories the respondents believed 
each issue had a greater impact on the national economy than on their 
individual company, university, or state. But while 22 percent of the 
respondents from the business sector said that property rights and patent 
reform are of critical importance to their firms, 35 percent thought that it 
was of critical significance to the U.S. economy. 

State and university officials feel much more strongly about the iack of 
access to federally-sponsored research and the effect that this issue has on 
competitiveness than business leaders. While less than one-third of the 
businesses believe that access to federally-sponsored research is having a 
significant impact on competitiveness, 40 percent of the universities and 50 
percent of the state officials talieve this is affecting U.S. competitiveness. 

In addition, nearly half of the state respondents rate clarification of 
policy on intellectual property rights and patent reform as a critical issue 
affecting U.S. competitiveness. Less than one-tenth of the state and company 
officials, and very few universities, are critically affected by foreign 
governments' restrictions over the transfer of technology developed by U.S. 
subsidiaries in those countries. 

Barriers to Commercialization . Respondents from all three sectors faulted 
the business community for lack of patience, for thinking of the next 
quarter's profits rather than the potential payoff from long-term investments 
in product development. Short-term responsibility to shareholders was 
acknowledged, and how that is often at the expense of product development 
which can occur only over the long-term. During the regional meetings, a 
number of the participants shared with the audiences personal or corporate 
experiences reflecting on markets lost to foreign producers — markets for 
products ^n which America invented the technology. 
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Barriers to Technology Transfer 
Percentage of Respondents Rating Issue as Critical to the 
Competitiveness of the U.S. Economy 

Business Un: versity State 

Excess time lag in commercialization 
of technology by: 

A. industry " 52% 42% 42% 

B. universities 27 35 35 

Lack of clarification of policy on 
intellectual property rights 

and patent reform 35 26 49 

Lack of access to federally-sponsored 
research resul ts by. 

A. industry 27 42 51 

B. universities 29 42 51 

Foreign government prohibitions 
restricting transfer of technology 
from their territories by U.S. 

firms 18 23 30 
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Table 6 



Barriers to Technology Transfer 
Percentage of Respondents Rating Issue as Critical to the 
Competitiveness of Their Company, University, or State 



Busi ness University State 

Excess time lag in commercialization 
of technology by: 

A. industry 37 t 12 % 40 % 

B. universities 14 14 33 

Lack of clarification of policy on 
intellectual property rights 

and patent reform 21 15 42 

Lack of access to federal ly-sponrored 
research results by: 

A. indu"try 18 19 40 

B. universities 18 33 37 

Foreign government prohibitions 
restricting transfer of 
technology from their 

territories by U.S. firms 9 4 10 
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In discussing the reasons for American industry's poor performance, the 
respondents and meeting participants placed some of the blame on management. 
In some instances it appeared that corporate bureaucracy had gotten in the way 
of rapid commercialization of American-bred technology. Business' lack of 
long-term goals and vision has hindered the commercialization of U.S. 
technology, commented several corporate respondents. 

Many of the state officials responding to the survey echoed this concern. 
When asked to list the three most significant barriers to innovation in their 
state, responses included: "industrial reluctance to abandon traditional 
objectives for manufacturing", "lack of awareness of technological threats to 
their future" on the part of industry, and "attitude of private industry 
toward need for long-term innovation". 

A number of company representati ves decried the lack of intel 1 ectual 
property rights protection among foreign competitors and claimed that their 
secrecy and unwillingness to test market certain innovations was based on 
their reluctance to expose product prototypes to foreign firms that would 
pirate such breakthroughs. 

Smal 1 Company Concerns . Some respondents suggested that in order to 
address these problems, we should look to small business as a source of 
innovation. It was suggested that small businesses are more likely to 
introduce new products in the market and to adopt new technological 
processes. One reason given for this is that "entrepreneurs are staking their 
careers, their lives, literally their livelihood to develop a technology. 
They have a vision." 

Respondents and meeting participants from small companies also pointed out 
many of the barriers faced by new technology-based firms. First and foremost 
among them is lack of venture capital. Several speakers referred to the 
desire on the part of venture capitalists to want their money back quickly. 

Another panelist pointed out: 

"The problem with venture capitalist money is that it is very expensive. 
You're talking about royalties of 6, 7, 8, or 9 percent. Normally your 
profit is 6, 7, 8, or 9 percent. So when your're paying a venture 
capitalist, the company starts teetering." 

A program reported to be particularly effective in providing "seed" capital 
for new businesses is the federal Small Business Innovation Research Program 
(SBIR). The program, established ir. 1982 by the Small Business Innovation 
Development Act, requires that eauh federal agency with an external research 
and development budget exceeding $100 million spend a specified percentage (up 
to 1.25 percent) such budget via a special program targeted to small firms. 

But providing capital for new products ano new businesses, while 
necessary, may not be sufficient. In addition, many inventors or 
entrepreneurs need assistance in a variety of areas from developing a business 
plan to managing and training a workforce. 

The director of a state-supported product development fund described his 
agency's experience as follows: 
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One of the things that we have learned Is that, In terms of 
commercialization, It Is not sufficient with most companies for us to 
orovide only the funding for product development. There are two 
additional functions that have to be provided. One is assistance In 
either obtaining or supplying the money necessary to enter the 
marketplace. The second is perhaps more important -- and a lot harder to 
define -- and that's "hand holding." This is Important for companies that 
are short on management skills in one area or another. We believe that if 
our investment is to stand the greatest chance of success, we're going to 
need to provide support services." 

Several small business owners participating in the meetings identified 
their need for technical support services as follows: 

"We need capital equipment, part-time expertise, and the resources to 
train people. In any kind of a hi gn-technology business, there is no way 
you can do it all yourself as a small business." 

Another entrepreneur proposed:. "Providing funding to bring faculty out to 
our companies and nave them work with us. We cannot support them ourselves." 

Additional suggestions offered for Improving commercialization Include: 

• Develop mor? accurate .icators of technology transfer so that U.S. 
strategists have a better grasp of the dimensions of this problem. 

• Increase the interaction between technologists at pr1ma:*y 
manufacturing firms and those in supplier firms. 

• Develop a cadre of technology transfer agents or mechanisms that will 
permit entrepreneurs to acquire and commercialize technology 
discoveries unused by either major laboratories or university 
research centers. 

• Provide specialized advice and technical support for small firms 
seeking to commercialize leading-edge technologies. 

The meeting participants regard commercialization as one of the leading 
factors in keeping America competitive. They are dissatisfied with the 
mechanisms now available and are searching for Improvements and replacements. 

State Programs That Bridge the Gap 

State governments have developed a range of programs designed to speed the 
application of new technology to the marketplace. These Include both 
financial and non-financial assistance for entrepreneurs and small business 
owners and efforts to provide these same entrepreneurs and business owners 
with a^.cess to research resources, particularly at universities. The survey 
respondents were given a 11st of state initiatives and asked to indicate 
first, thei*^ level of Interest in each program, second, whether they had used 
the program, and finally, their evaluation of it. 

Thp prograf«s dc:>igned to promote technology transfer Include: 

• patent assistance, 
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• technical consulting services, including assistance in preparing 
feasibility studies, product testing, and prototype development. 

• technical extension services, modeled after the agricultural 
extension service (these services usually employ field staff who call 
on businesses providing technical advi ce and problem solving to 
individual businesses). 

• libraries and data banks. 

• technical data services, often computerized data bases that list 
ongoing research within the state as well as information on 
researchers, venture opportunities, and patent applications. 

• state liaison to provide access to federal laboratories and research 
faci 1 i ties. 

• research and science parks. 

• start-up. venture, or seed capital. 

• funds for product development, testing, or prototype development. 

• investment capital for facilities, machinery, and equipment, and 

• incubator facilities for start-up firms, facilities that provide 
iow-rent office and lab space along with technical and management 
assi stance. 

In terms of interest in the prograins. the industry respondents gave the 
highest .anking to product dovelopir^eot ^unds, with 42 percent indicating a 
high level of interest- ^o1!owed cy lib^r.ries ind databas':j with 35 percent and 
investment capita?! v rorjent. »fie biisinesses expressed little interest 

in patent assisto reci-ical extension services, and site location 

assistance services. 'ablei> 7 and 8. 

The university respondencs. in general, indicate greater interest in the 
state initiatives than do business respondents. Sixty-nine percent o1 the 

university respondents indicate a strong interest in investment capital. 64 

percent in libraries and databa:*^*^. 56 percent in technical data services, and 

54 percent in venture or seed capital. As in the case of business 

respondents, patent assistance and !:^chnical extension services ranked poorly 

in terms of interest for 'i.iiversity paders. 

The state officials surveyed were asked to indicate how critical they felt 
the need for each type of program to be. By and large, their rankings of need 
were much higher than the businesses' indication of interest. Almost 
three-fourths of the state respondents believe there is a strong need for both 
venture capital programs and technology extension services. Other programs 
that received high rankings by the state officials include: science parks, 
investment capital, need to access federal labs, site location assistance and 
incubators. Once again, the program perceived as least important, although 42 
percent of the state respondents felt it was needed, was patent assi<^tance. 
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Table 7 



Financial Assistance Programs 
Percentage of Respcr.dents Indicating a High Degree of 
interest in. or Need for. Program 



Business Universi tv State 



Start-up, venture, or seed capital 27% 54% 73% 

Funds for product development, 
testing, prototypes, etc. 42 42 59 

Investment capital for facilities. 

machinery, and equipment 32 69 66 
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Table 8 



Non-Financial Assistance Programs 
Percentage of Respondents Indicating a High Degree of 
Interest in. or Need for. Program 



Busi ness Uni versi ty State 

State libraries and data 

bases 351 64% 591 

Technical data services (on 
faculty research, venture 

opportunities, etc.) 33 56 46 

Research and science parks 27 46 67 

PooHmQ of regional research 

resources 26 48 54 

Technical consulting services 
(feasibility studies, product 

testing prototype development) 25 38 51 

"Incubator" facilities for 
start-up firms (low rent 

office/lab space) 24 53 59 

State liaison to provide 
access to federal laboratory 

and research facilities 21 50 65 

Site location assistance 

for R&D facilities 17 32 62 

Technical extension services 
(state field staff who 
provide technical advice and 

support 13 28 72 

State patent and licensing 

assistance services 11 11 42 
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This differential in the perceptions of the state, industry, and 
university respondents, in terms of the need for various programs, m.ght be 
explained by the fact that the majority of these programs are targeted not 
toward the larger well-established firms who comprise the majority of the 
survey respondents, but toward new, small firms, and entrepreneurs. 

The majority of state programs are designed to serve the technological 
innovator or entrepreneur and very small businesses, often with fewer than ten 
employees. To assess the effectiveness of these services, surveys were sent 
to 700 small firms in six selected states. An insufficient number of 
responses were received from this sample to provide significant results. 

The survey data for all firms within the six selected states were broken 
down by size of firm using less than 500 employees as one category and 500 or 
more employees as the other. The data for firms with less than 500 employees 
shows generally a higher level of interest in the state programs. See Tables 
9 and 10. 

The respondents were also asked whether they were aware of the variou*5 
state programs, whether they had used them and their assessment of the 
programs. Although thirteen states reported operating patent assistance 
programs, only 9 percent of the industry res* ndents were aware of such 
programs and less than one percent had used them. 

Technical consulting services are provided in seventeen states. Less than 
one-third of the businesses surveyed were aware of these programs. Although 
they received a relatively low evaluation from both industry and universities, 
only 19 percent of the businesses had used them, and for the most part, the 
size of the firm responding to the survey indicates that they would not need 
such services having access to on-staff technical expertise. The same 
probably holds true regarding the use of technology extension services. 

Technical extension services now operate in twenty-five states. While 26 
percent of the businesses were aware of the program, only 9 percent had used 
it. Thirty-five percent of the businesses gave it a low ranking while 19 
percent ranked it highly. On the other hand, 73 percent of the state 
officials ranked technical extension services as highly effective. Once 
again, these services are designed to assist small and medium-sized companies 
and are less likely to be of use to large corporations. 

Less than half of the business and slightly more than half of the 
university respondents were aware of libraries and databases and had used 
them. Thirty-six percent of the industry respondents and 65 percent of the 
university respondents rated them highly in te*'ms of effectiveness. 

Although fourteen states reported programs to increase access to federal 
laboratories, only 13 percent of the business respondents and 23 percent of 
the university respondents were aware of these programs. Sixty-six percent of 
the university respondents ranked state venture capital programs as effective, 
as did 37 percent of the business and 42 percent of the state officials. Only 
8 percent of the businesses had used state venture capital programs. The 
state officials ranked product development funds as slightly more effective 
than venture capital funds, although 30 percent of the businesses ranked 
product development funds as very low in effectiveness. 
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Table 9 



Financial Assistance Programs 
Percentage of Businesses Indicating a High Degree of 
Interest in Program By Size of Firm 



Less than 500 or more 

500 employees employees 



Start-up, venture, or seed capital 407o 26% 

Funds for product development, 
testing, prototypes, etc. 54 31 

Investment capital for facilities, 

machinery, and equipment 54 30 
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Table 10 



Non-Financial Assistance Programs 
^^ercentage of Businesses Indicating a High Degree of 
Interest in Program By Size of Firm 

Less than 500 or more 

500 employees employees 

State librfries and data 
bases 48% 32% 

Technical data services (on 
faculty research, venture 

opportunities, etc.) 36 30 

Research and science parks 29 28 

Pooling of regional research 
resources 14 26 

Technical consulting services 
(feasibility studies, product 

testing prototype development) 28 25 



"Incubatr-" facilities for 
start-up firms (low rent 
office/lab space) 38 



22 



State liai<;on to provide 
access to federal laboratory 

and research facilities 16 23 

Site location assistance 
for R&D facilities 13 18 

Technical extension services 
(state field staff who 
provide technical advice and 

support 24 12 

State patent and licensing 
assistance services 20 11 
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Site location assistance, science parks, and incubators were generally 
believed to be more effective by state officials than by either university or 
business officials. Once again, this can probably be explained by size of 
firm. The data also seem to indicate, however, that additional outreach is 
needed to ensure that the business and university people are aware of the 
services available to them. 
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NATIONAL POLICY ISSUES 



While the survey participants concentrated on human resources, education. 
R&D investments, and state assistance programs, they also had an opportunity 
to comment on and evaluate a variety of economic and regulatory policies which 
are also said to impact U.S. international competitiveness. 

Regulatory Pol icies 

There were three principal regulatory issues that seem to most concern 
respondents. These, and their relative importance are shown in Tables 11 and 
12. 

A majority of those surveyed for each of the issues described above, 
believe that government regulation has only slight effect on rese ch and 
development and education in their organization. Many, however, when posed 
the larger question of whether the U.S. regulatory climate has an impact on 
competitiveness, respond in the affirmative. Less than one-third of the 
business leaders find any of the three issues to be of c^ilical strategic 
importance to i^esearch and development in their organizations. 

Individual respondents within selected industries or universities, may 
view this situation differently because of the impact that regulation may have 
on their particular organizations.. This is also true when respondents 
consider the effect that certain regulatory activities might have on the 
economy at large. For example, when university respondents considered the 
latter impact regarding the regulation of new technology, nearly half believe 
this issue to be of critical importance. But. overall, regulation is not 
regarded as an insurmountable barrier to competitiveness. 

The Impact of U.S. Trade Policy and Practice . The survey participants were 
well aware* particularly in light of the debate now going on in the Congress, 
that there are numerous trade policies and strategies, as practiced by both 
the U.S. and foreign governments, which can affect the competitive capability 
of U.S. business. After conferring with trade specialists, the authors 
identified four issues thought to be of primary importance. These issues and 
their importance, are shown in the Tables 13 and 14. 

While only a minority of the business leaders questioned view these issues 
as being of critical importance to their individual businesses, on average, 
more than half of them believe all of these issues to be of critical 
importance for the overall economy. For example, only 17 percent are 
critically affected by the export control of U.S. -developed technology, but 
more than twice that number believe that such policies critically impact the 
ability of the United States to compete with its trading partners. And. while 
slightly more than one-quarter say that, for their firms, foreign trade 
barriers are of critical importance, nearly two-thirds believe that such 
practices are of critical importance to the United States. 

As can be seen from the above table , uni vers i ty off i ci al s ~ perhaps 
because they deal primarily in data — regard restrictions of transnational 
data flow with more concern than do the business executives surveyed. Looking 
at the economy in general, university executives also believe that removing 
protectionist measures enacted by other countries is a key to improving our 
nation's competitive abilities. 
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Table 11 

Regulatory Issues 
Percentage of Respondents Rating Issue as Critical to the 
Competi ti tiveness of the U.S. Economy 



Issue 

Impact of regulatory reform on 
operations 



Bust ness Uni versi .y State 
29% 35% 30% 



Regulation of new technology. 39 41 40 

e.g.. biotechnology, etc. 

Federal cost/benefit analysis 16 23 8 

for new technology 



Table 12 

Regulatory Issues 
Percentage of Respondents Rating Issue as Critical to the 
Competi ti tiveness of Their Company, University, or State 



Issue 

Impact of regulatory reform on 
operations 

Regulation of new technology, 
e.g.. biotechnology, etc. 

Federal cost/benefit analysis 
for new technology 



Business Uni versi ty State 

19% 2/,. 39% 

18 12 24 

10 8 5 
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Table 13 



Key Trade Pol ici es 
Percentage of Respondents Rating Issue as Critical to the 
Competitiveness of the U.S. Economy 



Business University State 



Issue 

Targeting, by foreign governments, 
of certain technologies 

Trade Protection, by other 
countries, of certain domestic 
industries 

Export control of U.S. technology 
and products 

Control of transnational 
data flow 



Issue 

Targeting, by foreign governments, 
of certain technologies 

Trade Protection, by other 
countries, of certain domestic 
industries 

Export control of U.S. technology 
and products 

Control of transnational 
data flow 



67% 56% 607o 

60 53 65 

40 51 46 

29 43 43 



297o n 32% 

27 4 52 

17 22 33 

12 15 26 



Table 14 

Key Trade Pol icies 
Percentage of Respondents Rating Issue as Critical to the 
Competitiveness of Their Company^ University, or State 



Business University State 
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The state government officials questioned tend to regard trade policy as 
much more important to both their state's economic well being, as well as to 
the nation's, than do their counterparts in the private sector. 

Fiscal and Monetary Policy . Three issues were deemed to be of critical 
importance from a fiscal or monetary policy standpoint, with significant 
variation as to how these issues were ranked in terms of their impact on the 
firms vs. the economy at large. In Tables 15 and 16 we can see how business 
leaders and 'iniversity officials believe the issues to impact the nation's 
economy. 

Nearly two-thirds of the business leaders queried say that the federal 
budget leads the list of fiscal or monetary issues restricting our ability to 
compete with European or Asian competitors. Fewer than one in ten ranK this 
issue of slight or no importance. And nearly half believe that the way the 
government treats R&D investments has a critically negative effect on our 
ability to remain competitive. Their views are echoed by university 
officials, with nearly three-quarters of them believing that the federal 
budget deficit is of major Importance to competitiveness. State government 
officials are even more vehement in insisting that the federal budget deficit 
is holding back the U.S. drive to remain internationally competitive. State 
government officials consistently rank this as the most important fiscal or 
monetary policy issue. 

The Issue of Targeting . Certain of our international competitors, Japan in 
particular, are said to be engaged in a competitive strategy referred to as 
"targeting." A few years back the same type of activity, or a more 
generalized variation of it, was referred to as "industrial planning," 
"industrial policy," etc. In essence, the concept involves the conscious 
decision by business and government authorities, acting in concert, to focus 
on the development of certain technologies or industries. This focusing can— 
and has—involved the granting of government subsidies to such industries or 
technologies, the erection of tariff or nontariff trade barriers to protect 
domestic producers, the shifting of technical resources and financial support 
to the chosen industries, and a variety of other steps designed to protect the 
chosen industries' place in the sun. 

Nearly any discussion of international competitiveness invariably touches 
on tins issue and this study project was no exception. The Conference Board 
has conducted previous studies which have aealt with various trade and 
protectionism matters and has had a chance to monitor business and government 
sentiment on this issue. This study finds growing support for a limited use 
of the targeting strategy. While business leaders—and a majority of 
university officials—continue to regard economic planning as an anathema and 
voice opposition to any government-planned economic activity, they do show 
growing support for the concept that certain states might adopt a development 
strategy based on targeting principles. 

The key difference lies in the recognition that certain states and regions 
already have natural resource bases or certain technological characteristics 
and that it is reasonable to build on these existing assets. In California 
and Massachusetts, for example, as well as Texas and several other states, 
there is already a strong electronics industry. In Michigan and the Midwest 
there already have been significant gains in CAD-CAM and robotics applied to 
the manufacturing process. In New Jersey there is a significant amount of 
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Table 15 



Fiscal and Monetary Issues 
Percentage of Respondents Rating Issue as Critical to the 
Competi tiveness* of the U.S. Economy 



Issue 

Impact on federal budget deficit 

Tax policy on treatment of R&D 
1 nvestments 

The value of U.S. currency 
in marki 's 



Business Universi ty State 



58% 
49 
45 



71% 



51 



51 



78% 

65 

43 



Table .o 

Fiscal and Monetary Issues 
Percentage of Respondents Rating Issue as Critical to the 
Competitiveness of Their Company, University, or State 



Issue 



Business Universi ty State 



Impact on federal budget deficit 28% 

Tax policy on treatment of R&D 
investments 31 

The value of U.S. currency 

in markets 31 



39% 
16 
6 



57% 

41 

30 
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research and r tnufacturing skills In ceramics and sophisticated construction 
materials as well a^ Lommuni cations technology. 



These states, their industries and universities, are making a concentrated 
effort, through targeted R&D efforts to build on these bases. At the same 
time, other states are coming to realize that it makes little sense to attempt 
to duplicate their sister states' R&D targeting and are, instead, looking for 
niches where they have a unique resource or technology advantage and directing 
their R&D investments to such sectors. 
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CONCLUSION 



This study was designed to address a variety of issues. First, was to 
determine the Importance of research and education to the 'economic 
competitiveness of the United States. Second was to determine which of the 
following factors are believed to have the greatest impact on U.S. 
competitiveness — human resources, research and development Investments, 
technology transfer, or federal fiscal, monetary, regulatory an' trade 
policy. Third was to canvass the research community to determine what changes 
need to be made to strengthen and Improve the nation's research and education 
system. A final issue was to compare the perceptions of three different 
co.-:imun1t1es — the business sector, the academic community, and state 
governjnents — with regard to research and education policies and to identify 
how ti!9 roles of each of these organizations is changing to meet the 
competitive challenge of today's economy. 

The analysis of the survey data and the discussions which occurred at the 
regional meetings showed that there Is a great deal of similarity in the 
perceptiv is of these three groups. The Industry, university and government 
leaders participating In the study agreed that science and engineering 
research and education have in the past, and will continue in the future, to 
play a crucial role in determining U.S. competitiveness. They further agreed 
i-hat for the most part, the United States has a healthy and vibrant research 
and education system. Yet to maintain its competitive position and retain Its 
technological leadership In the face of Increased Investment In research and 
education by our foreign competitors, the United States must continue to 
Increase its Investment in these areas. 

Wi. regard to the most Important factor affecting the nation's future 
competic -»ness, ^11 three groups viewed education as the key. Furthermore, 
there was '?neral agreement that the area of education of greatest concern Is 
mathematico and science education at the K - 12 level. While efforts to 
improve primary and secondary mathematics and science education rests 
primarily with state government, the study participants suggested that both 
universities and the business community have a role to play in improving K - 
12 education. 

At the university level, business and state officials join.-d their 
university counterparts in calling for Increased Investn.ent In 
state-of-the-art facilities and equipment. Business officials, as might be 
expected, were greatly concerned with developing and maintaining an adequate 
supply of science, engineering and technical personnel. This concern was 
shared by university and state officials. While the three groups agreed thai 
there is a need for high level technical training, continuing education and 
job retraining, opinion was divided with regard to whether industry, community 
colleges or universities should have responsibility for providing continuing 
education and training. 

With regard to research and development Investments, all three groups 
believe that the U.S. must Increase its Investment in civilian basic research, 
if the the U.S. is to remain competitive. In addition, there is a belief that 
the nature of research and development is changing, i.e. it is becoming more 
complex. more capital-intensive, increasingly multi-disciplinary. and 
dependent on sophisticated instrumentation and computers. One response to 
these changes has been the creation of new institutional relationships between 
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businesses and universities. The study indicated that while today's new 
government/university/ industry partnerships are generally well received, these 
relationships are evolving and will require additional adjustments on the part 
of both business and universities. 

It was generally recognized that state governments can, and are, playing a 
catalytic role In fostering cooperative research, but while state officials 
wholeheartedly support cooperative research as an avenue to improving U.S. 
competitiveness, less than half of the business respondents felt that 
cooperative research will be critical to the nation's competitive position. 
University officials, meanwhile, expressea some reservations about the demands 
being placed on the university <:ystem as partners in cooperative research 
ventures while being generally supportive of the changes occurring in 
university/industry relationships. It appears clear that while progress has 
been made, much additional work remains before government/industry/university 
roles are sorted out. 

A surprising finding of the study is the lack of concern by business 
executive: with the issue of technology transfer. Discussion at the regional 
meetings indicates that part of the reason for this is confusion with the term 
"technology transfer". There was concern expressed regarding the excessive 
time lag in the commei^c i al i zatlon and adoption of new technology yet few 
suggestions were made for ways to add^es^. this issue. It appeared clear that 
impediments to commercializations is an area req*'iring more in-depth study. 

In addition to determining the views of .-.iness, state government, and 
university officials on research, education, and competitiveness, the study 
raised a number of issues that merit furcher consideration. First, what 
actions should be taken to improve science and mathematics at the primary and 
secondary school levels'" Second, demographic changes and a decline in the 
number of American stuJ^nts pursuing science and engineering degrees will 
necessitate increased involvement of women and minorities in science and 
engineering. How is this to be acnieved? Third, how c .n long time lags in 
the commercialization process be reduced? Fourth, university/industry 
partnerships should be evaluates and their performance tracked over time. By 
what criteria do we judge their performance and their contribution to the 
generation and transfer of knowledge? 

Lastly, future partnerships require redefinition. What is the 
relationship between state initiatives and federal efforts regarding researcn 
and development? Are state/federal partnerships needed, and if so, how should 
they be structured? How would a restructuring affect the priva.?, sector and 
the academic community? These are questions that should be addressed if the 
United States is to meet the growing economic challenge. 
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APPENDIX I: Survey Instrument for Industry* 



The Role of Research and Education in Economic Competitiveness 



Th9 Conference Board, with support from the National Science Foundation, has joined with the National 
Governors' Association in a cooperative project designed to obtain the views of key industry executives, 
state policymakers and key university officials on issues of science and technology and their impact on 
economic and technological competitiveness. This questionnaire, along with discussion forums to be held 
next spring, will provide valuable data to science-policy architects in the executive branch. Congress, in- 
dustry and state governments. 

This study provides you with an opportunity to present your views on which issues of science policy 
are most significant to your fir n, which policies and practices most affect the nation's international com- 
petitiveness, and which ways government can best work with the private sector and academia in improv- 
ing the U.S research and development base. 

Your "-eplies will be held in strict confidence by The Conference Board and there will be no attributions 
to youi firm without your explicit permission. 



10-11 

Name Title 

12-13 

Company 



Address 



Ci*v State Zip Tel. ( ). 

14-15 

Annual Sales Total Number of Employees 
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16-23 24-29 

Principal Products or Services 

30-33 

S3 

Comparable survey forms were sent to state and university officials. 



The Role of Research and Education In Economic Competitiveness 



The questions that follow deal with six major categories of econo mic/managerial policy and practices which impact 
America's economic competitiveness. These are issues '"hich are believed to be of interest to, and which will affect, 
both the public and the private sector. This portion of *he questionnaire seeks to evaluate their importance, in your 
professional judgment, to your firm and to society at large. The topics are divided according to what impact they will 
have on your company and on society at large. 

1. Educational and Human Resource Policies and Practices 

The nation's international competitiveness can no doubt be impacted by America's educational resources and by 
the policies of both the private and public sector in the support and development of these resources. The following 
questions focus on some of the issues surrounding these topics. 



issues Title/Description Strategic Impact Strategic Impact 

on Vbur Business on U.S. Econoir 





Critical 


Moderate 


Slight 


None 


Critical 


Moderate 


Shgh, 


ne 


Developing and maintaining 
adequate supply of science, 
engineering, and technical 
personnel. 


34-1 □ 


2G 


3D 


4D 


35-1 □ 


2D 


3D 


4D 


Preparation of elementary and 

^6COndarv ^tijHAnt<> in 

science and mathematics. 


38-1 □ 


2D 


3D 


4D 


37m □ 


2D 


3D 


4D 


Supply and quality of science 
teachers at all levels. 


38-1 □ 


2D 


3D 


4D 


39-1 □ 


2D 


30 


4D 


Developing public understand- 
ing of science & engineering. 


40-1 □ 


2D 


3D 


4D 


41.1 □ 


2D 


3D 


4D 


Cost-benefits of obtaining a 
science or engineering 
education vs. other 
graduate training. 


42-1 □ 


2D 


3D 


4D 


43-1 □ 


2D 


3D 


4D 


Preparation of undergraduate 
students in science and 
engineering curriculum. 


44-1 □ 


2D 


3U 


4D 


45-1 □ 


2D 


3D 


4D 


Availability and value of 
continuing education 
programs. 


48-1 □ 


2D 


3D 


4D 


47.1 □ 


2D 


3D 


4G 


Increased reliance of U.S. 
industry on foreign student 
graduates of U.S. unujrsities. 


48-1 □ 


2D 


3D 


4D 


49-1 □ 


2D 


3D 


4D 


Other ^educational issues 



















■lD 2D 3D 4D 5kD 2D 3D 40 



2 

60 



2. Research and Development Resources 

Research and development resources must not only be adequate to the task of maintaining competitiveness but 
must also be distributed in such a man^^r that industry and univeisities can take maximum advantage of them. This 
section of the questionnaire looks at some of the issues pertaining to that distribution. 



rssues Tltle/Descrlptlon Strategic Impact Strategic Impact 



on Your Susiness on U.S. Economy 





Critical 


Moderate 


Slight 


None 


Critical 


Moderate 


Slight 


None 


Concentration of research 
and development resources 
in the defense sector. 


1 — 1 

52-1 U 


1 — 1 

2D 


1 — 1 

3D 


1 — ) 

4D 


53.1 □ 


2D 


3n 


40 


Access to state-of-the*art 
R&D equipment and facilities 

A. by industry 

B. by universities 


1 — 1 
54-1 U 

56-1 □ 


1 — 1 
2U 

2D 


1 — 1 
3D 

3D 


4D 


55-1 U 
57-1 D 


CM CM 


3D 
3D 


4D 
4D 


Increased support for civilian 
basic research cs performed 

A. by industry 

B. by universities 


58-1 □ 
60-1 U 


2D 


3D 

1 — ] 

3D 


4D 

4D 


59-1 D 
6mD 


2D 
2D 


3D 
3D 


4D 

4D 


Significance of increasing 
industry support for 
university*based research 


62-1 □ 


2D 


3D 


4D 


63-1 D 


2D 


3D 


4D 


Importance of cooperative 
research: 

A. among industries 

B. among industries and 
universities 


64-1 □ 
66-1 □ 


2D 
2D 


3D 
3D 


4D 
4D 


65-1 D 
67-1 D 


2D 
2D 


3D 
3D 


4D 

40 


Other R&D issues 


68-1 □ 


2D 


3D 


4D 


69.1 D 


2D 


3D 


4D 



3. Transfer of Technology 

A variety of policies and practices affect how successfully, and within what time span, Innovative ideas and products 
mo e from research au6 development to commercialization. Public policies, as executed both byt*- ' J.S. and foreign 
governments may also influence the implementation of such technology. The questions below focus on some of these 
^dues. 



Issues Tltle/Descrlptlon Strategic Impact Strategic Impact 



on Vbur Business on U.S. Economy 





Critical 


Moderate 


Slight 


None 


Critical 


Moderate 


Slight 


None 


Clarification of policy on 
intellectual property rights 
and patent reform. 


10-1 D 


2D 


3D 


4D 


imD 


2D 


3D 


4D 


Foreign government prohi- 
bitions restricting transfer of 
technology from ti.eir terri- 
tories by U.S. firms. 


12-1 D 


2D 


3D 


4D 


13.1 D 


2D 


3D 


40 


Tirr.e lag in commercializa- 
tion of technology by: 

A. industry 

B. universities 


14-1 D 
16-1 D 


CM CM 


3D 
3D 


4D 

4D 


15-1 D 
17-1 D 


CM CM 


3D 
3D 


40 
4G 


Access to federally-sponsored 
research results by; 

A, industry 

B. universities 


18-1 D 
20-1 D 


CM CM 


3D 
3D 


4D 
4D 


19-1 D 
21-1 D 


CM CM 


3D 
3D 


4D 
4D 


Other 


22-1 D 


2D 


aD 


4D 


23-1 D 


2D 


3D 


4D 
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4. Federal Regulatory Policy 



Obviously, the actions of the U.S. government from a regulatory action standpoint, can Impact firms, and universi- 
ties. These questions concentrate on some oi the more frequently cited issues in this area. 



Issues Title/Description 



Federal cost-benefit analysis 
requirements for ♦>:hnology. 

Impact of regulatory reform 
on university and business 
research operations. 

Other 



Strategic Impact 
on \bur Business 



Strstegic impact 
on U.S. Economy 



Regulation of new technology 
e.g. biotechnology, etc. 



Critica; Moderate Slight None Critical Moderate Slight Non? 

2D 3D aD 25•^D 2D 3D aD 



24-1 □ 
26-1 □ 

28-1 □ 
30-1 □ 



20 
20 



iD aD 27.1 □ 20 



iD aD 



29-1 



□ 



30 40 31.1 □ 



20 



3D aD 

3D aD 
3D aD 



5. U.S. TifBdo Policy and Practice 

There are numerous trade policies and practices, as established by the U.S. gr niment, or by foreign govern- 
ments, that can affect the competitiveness of U.S. business. Our Interest focuse' . ..1 particular, on those that have 
a long-term technological component. From the list cited below please Indicate whether you believe these Issues will 
have strategic importance to your company and to the U.S. economy as a whole. 



Issues TitWOescription 



Strategic Impact 
on Vbur Business 



Strategic Impact 
on U.S. Economy 



Critical Moderate Slight None Critical Moderate Slight None 



Export control of U.S. 

technology and products. 32-1 □ 20 
Control or restriction of 

transnational data flow. 34-1 □ 20 

Protection, by other 
countries, of key 

industries. 36-1 □ 20 

Targeting, by foreign 
governments, of certain 

tecnnologies. ss-iD 20 

Other trade policies or 
practices. 



30 4D 33.in 20 30 40 

30 40 35.in 20 30 40 

3D 40 37.in 20 30 40 

30 4D 39.1 □ 20 30 40 



40-1 



□ 



iO aD 41-1 □ 2D 3O 



4 ^2 



6. FKcal and Monr'ary Policy 



The actions of the U.S. govs nrnent, in establishing a national fiscal and monetary policy, can impact the private 
sector's international competitiveness. This section seeks your views on a few key elements of these federal policies. 



issues Title/Description 



Strategic Impact 
on >bur Business 



Tax policy on treatment 
of R&D investments. 

U.S. currency in foreign 
markets. 

Impact of federal budget 
deficit. 

Other fiscal or monetary 
issues 



Strategic Impact 
on U.S. Economy 



Critical Moderate Slight None Critical Moderr' 



42.1 □ 
44-1 □ 
46-1 □ 

48-1 □ 



20 
20 
2D 

20 



40 
40 
40 

4D 



43.10 
45-1 □ 
47-1 □ 

49-1 □ 



2U 
2D 
2D 

2D 



Slight None 



3D 
3D 
3D 

3D 



40 
40 
40 

40 



7. Looking back at the preceding six groups of issues, please rank each in order of importance, 1 (most important) 
through 6, to your firm and to the nation, relative to international economic competitivener^: 



Educational and human resources 

policies-and practices 
Research and development 

resources 

Transfer of technology 
Federal regulatory policy 
U.S. trade policy ^nd practice 
Fiscal and monetary policy 



a. To your firm 



50_ 



b. To the nation 



51- 
52- 



53 

54 

55 



56- 

57. 

58- 
59- 
60- 
61- 



Public-Private Cooperative Programs 

Both the states and the federal government have set out certain programs and Incentives ir^anded to complement 
the private sector's R&D effort. This section of the questionnaire seeks to determine the extent to which you are aware 
of such programs, make use of them, and what your views are on the value of these programs. Listed below are some 
of the principal ways in which state governments and educational institutions can cooperate with private sector firn ' 
in their research and development activities. We are interested in learning the extent to which you are award of these 
activities in thestates in which you have R&D facilities, whether you have made use of such programs, your interest 
in and evaluation of such programs. 



State Initiative/ 
Program Deacriptlon 



Level of 
Intorest in 
Such Program 



Aware of 
Specific 
Program 



Have Used 

Specific 
Prognm 



Asaeasment 

of Specific 
Progmm's >^lue 



Instructional and research 
equipmGHt donations to 
universities. 

Industry-university 
joint research projects. 

Matching grants for 
research and development 

State R&D tax credits. 

Bond issues to support 
state R&D and education 
initiatives. 



(Rank 1 to 5; 
1= highest) 



10-- 

14-_ 

18-- 
22-- 

26-.. 



(Check 
if yes) 



11- □ 

i5.n 

i9.n 
23-n 



(Check 
if yes) 



12-D 

16. □ 

20.D 
24.D 



(Rank 1 to 5; 
1= highest) 



13-- 



17-. 



27- 



□ 



28- 



□ 



25-^ 



29-^ 



03 
8-9 
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state Initiative/ 
Program Description 



Skills retraining for 
production, technical, 
or research staff. 

Industry-university 
personnel exchange 
programs. 

Student internship or 
cooperative programs. 

State patent and licensing 
assistance services. 

Technical consulting 
services (feasibility 
studies, product testing, 
prototype development). 

Technical extension services 
(state field staff who 
provide technical advice 
and support.) 

State libraries and data 
bases. 

Technical data services 
(on faculty research, 
venture opportunities, etc.). 

State liaison to provide 
access to federal 
laboratory and research 
facilities. 

Start-up, venture, or seed 
capital. 

Funds for product develop- 
ment, testing, prototypes, 
etc. 

Investment capital for 
facilities, machinery, 
and equipment. 

Site location assistance 
for R&D facilities. 

Research and science 
parks. 

"Incubator" facilities for 
start-up firms (low 
rent office/lab space). 

Pooling of regional 
research resources. 

Other forms of assistance. 



Level of 
Interest In 
Such Pfoijram 



(Rank 1 to 5; 
1= highest) 



30._ 

34-_ 
38-_ 



42- 



46-^ 



50-^ 
54-_ 

62-_ 



66-. 



70-. 



74._ 



10-^ 



14. 



18-_ 



22.. 



26-. 



Aware of 
Specific 
Program 



(Check 
if yes) 



31. □ 

35-0 
39-D 
43- □ 

47-0 
55-0 

63- □ 
67-0 

71-0 

75-0 

11- □ 
15-D 

19- □ 

23.n 



Have Used 

Specific 
Program 



(Check 
if yes) 



32. □ 

36. □ 
40. □ 

44.a 



□ 



48- 
52-D 
50.D 

60- □ 

64.n 

68-D 



72- 

76' □ 
12. □ 

i6.n 

20-0 

24.n 



Assessment 

of Specific 
Program's Value 



(Rank 1 to 5; 
1= highest) 



33.. 



37. 



41-. 



45-. 



49.. 



53-, 



57-, 



6l-_ 



65-_ 



69-. 



73.. 



77-, 



13._ 



17-« 



2l-_ 



27. 



□ 



28- 



□ 



25-. 



29-- 
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Policy Considerations 



This section of the survey provides you with an opportunity to comment in your own words on ways in which the 
state and federal government can be of assistance to the private sector m fostering research and development. 

1 . In particu lar, what are .>ie most important ways in which the universities can be of assistance to your company's 

R&D program? 



30-31 
32-33 
34-35 
36-37 



2. What are some important ways in which you believe your company can be of assistance to university research 
and education programs? 



30-39 



40-41 



42-43 



44-45 

3. What measures, If any, should the U.S. government take to Improve U.S. technological innovation?^ 



46-47 



48-49 



50-51 



52-53 

4 . Do you believe individual states should "target" certain technologies and take steps to encourage that technology 
within the states? 

54-1 □ Yes 
2DNo 



Comment: 



5 . Do you believe that certain high tech "infant" industries should receive temporary (5-year) trade protection from 
foreign competition until those industries have matured enough to withstand such competition? 

55-1 □ Yes 

2nNo 



6. Do you anticipate that your firm will experience any shortages of science, engineering and technical personnel 
during the next decade? 

56- 1 □ Yes 
aDNo 

li yes, at which level of education and/or experience do you expect the most severe shortages to occur? 

57- 1 □ Ph.D. level 
2D Masters level 

3 G Bachelors level 
4 D Technician level 

(b) What steps do you believe should be taken to help alleviate such shortages? (Please comment below.) 



58-59 



60^1 



62-63 

7. Current data indicate that a lower percentage of students are selecting engineering and science careers. What 
factors do you believe are most responsible for this decline in interest? (Please comment below.) 



64^5 



66^ 



68-69 

8. What do you regard as the three most significant barriers, from all sources, to technological innovation within 
your industry (net your company)? 

1. 

70-71 

2. 

72-73 

3. 

74-75 

9. Should further steps be taken to foster joint RftD ventures among competing companies, and/or universities, 
and what steps would you recommend? 



76-77 



78-79 



Thank you for your help in this research. Please make sure that your name and address are on the front cover 
of the questionnaire so that we may send you a copy of the survey results. 
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PREFACE 



The National Governors' Association (NGA), with support from the National 
Science Foundation, has joined with the &:>nference Board in a cooperative 
project designed to examine the role of research and education in economic 
competitiveness. During the month of April, we will be convening Governors, 
key industry executives, other state and federal policymakers, and university 
officials to examine the changing work of their institutions in supporting 
research, innovation and the utilization of new technology. 

This discussion paper was prepared by the National Governors' 
Association's Center for Policy Research to provide background information to 
participants in four regional conferences. It focuses on three major issues: 
meeting human resource needs, meeting research and development needs, and 
commercializing new technology. The information contained in the paper is 
based on past work conducted by the NGA. Following the conferences, the paper 
will be revised substantially to reflect the input, conclusions and 
recommendations from the conference participants. 
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INTOODUCTION 



The ability of U,S, firms to compete in world markets depends critically 
on their ability to continually generate new ideas and use new technologies. 
To remain competitive, the U,3, must bot^ remain at the cutting edge of 
science and technology, and adopt and implement the new technology developed. 
Its ability to do so depends on the availability and quality of scientists and 
engineers to conduct research and to respond to the needs of a rapidly 
changing economy. 

The U,S, has long been the world leader in advancing knowledge in areas of 
science and technology. There is concern, however, that the U,S, is losing 
its dominance, 

• While U,S investment in research and development is the highest of 
any country in the world , U,S, investment in civi lian research and 
development as a fraction of GNP is less than that of Germany and 
Japan, In 1983 the U,S, invested 1,91 percent of GNP in non-defense 
R 6 D while Germany invested 2,47 percent and Japan 2,60 percent, 

# The proportion of the workforce engaged in research and development 
among our competitors has increased sharply since 1965, and is 
beginning to approach U,S, levels, Japan and Germnay have doubled 
their technical workforce during this period. 

It is clear that United States* superiority in science and technology can 
no longer be taken for granted. If we are to maintain our economy competitive 
with other countries we must invest h. our research infrastructure and 
facilitate the transfer of knowledge and resources to new applications, new 
produces and new processes. 

This paper describes current developments in science and technology 
education, collaborative research, and technology transfer. It also raises a 
number of cpjestions regarding govemment/uni versity/industry roles in relation 
to science and technology policies, 

MEETING HUMAN RESOURCE NZEDS 

A major strength of the United States over the years in maintaining its 
competitive position has been its human resources. The high njality of our 
scientists and engineers, coupled with a highly skilltd work force, has played 
a critical role in supporting technological innovation. Recent trends, 
however, are disturbing. The National Science Foundation reports that twenty 
years ago the U,S, had far more scientists and engineers per capita than any 
of our competitors. Today that is no longer the case. The proportion of 
students pursuing science and engineering degrees is declining. Because of 
demographic changes, the numbers of stijdents available to pursue science 
careers will decline from now until the 1990s, 

In addition to the^^^e trends, concern has arisen regarding the cpjality of 
science and technical education at the elementary, secondary and college 
level, A recent report by the National Science Board found serious 
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deficiencies in undergr^'^uate science, mathematics and engineering 
education, 1 These include: 



• 



serious deterioration in laboratory instruction; 

faculty members unable to update their disciplinary knowledge and to 
make use of computers and other advanced technologies; and 

courses and curricula which are out of date, unimaginative, poorly 
organized for students with different interests, and fail to reflect 
recent advances in the understanding of teaching and learning, 

^ut the problem of meeting human resource needs extends beyond the need 
for research scientists and engineers to the skill needs of the overall work 
force. New technologies require a greater range of sk lis, as well as new 
skills, for the average worker. 

New Investments in Ed?jcatior 

Both state and federal governments have undertaken initiatives to improve 
the quality of science and engineering education at the pre-coUege, college, 
and graduate levels. State governments have, in addition, become increasingly 
active in supporting technical education and retraining. 

Federal Initiatives 

One of the basic missions of the National Science Foundation is to improve 
science, mathematics and engineering education, NSF's FY 1988 budget request 
propocod several initiatives to improve science and engineering education at 
pre-coUege, college and graduate levels- Pre-college activities, which 
include hands-on research experience to encourage science and engineering 
careers through enrichment activities fcr talented high school students, and 
development of improved teaching materials, would be funded at $68 million 
under the new budget. An additional $70 million would be used to improve the 
quality of undergraduate instruction. New activities Include: 

• instrumentation and laboratory instuction; 

• student research participation; 

• faculty enhancement; and 

• curriculum development in calculus and engineering, 

NSF also operates programs designed to encourage promising ycur^ 
scientists and engineers to remain in academic careers (Presidential Young 
Investigator's Award Program) and to encourage women and minority students to 
pursue science and engineering careers. 

The Department of Education also provides support for improving science 
and mathematics education. Funded at $80 million for FY 1987, this program 
provides grants to states to offset part of the cost for training and 
re-training mathematics and science teachers at the secondary level. 



^ Undergraduate Science, Mathematics, and Engineering Education , National 
Science Loard, March, 1986, p, 2, 
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Federal agencies, for the most part, support graduate and post-doctoral 
education through research project support and competitive fel. wships- In 
1985, NSF, the National Institutes of Health, the Department of Defense, and 
other federal agencies, supported 20 percent of all full-time engineering and 
science graduate students in doctorate granting institutions. 

State Initiatives 

In order to improve the quality of mathematics and science instruction at 
colleges and universities, faculty and students must have access to up-to-date 
facilities and equipment. To respond to this need, states have increased 
their investments in new capital facilities at state colleges and 
unversities. Estimates of unmet demand for new construction and renovation of 
research facilities range from $5 to $20 billion in the next ten to twenty 
years. Regardless of the exact estimate, there seems to be widespread 
agreement that there is a need to modernize deteriorating and obsolete 
research facilities at universities and colleges, 2 
Examples of state actions include: 

• In November 1984, New Jersey voters passed a $90 million Jobs, 
Science and Technology Bond issue. Approximately half of these funds 
were used to upgrade technical and engineering facilities at the 
state's universities and community colleges. 

• In 1985, Oregon passed a lottery bill which required that the 
proceeds be dedicated to economic development. Fifty percent of the 
total amount projected to be raised was earmarked for higher 
education. Twenty-three million out of $44 million was designated 
for capital construction projects at Oregon's major universities, 

• Michigan provided $12 million to construct a $17.3 million facility 
for its Industrial Technology Institute which includes office and 
laboratory space for more than 250 employees. An additional $5,3 
million was raised from private sources. 

States have also been active in providing additional training and 
retraining fur technicians. In South Carolina, for example, the state 
directed six technical colleges to develop education expertise in specific 
scientific areas. The targeted technologies and the location of the programs 
were based on both the strengths of the school and the state's economic 
development plan. At Piedmont Technical College, a two-year Associate Degree 
program in Automated Technology has been established. The program is expected 
to become a "prototype" for Associate Degree programs in robotics. The 
Robotics Resource Center at the College also conducts plant-specific, 
on-the-job industry raining and re-training, 

Ih addition to these technical education programs, efforts to improve 
science and mathematics education at the K-12 level figure prominently in 
state educational reform initiatives. States have increased standards, 
expanded the number of mathematics and science courses required of students. 



Academic Research Facilities: Report of a Conference July 22 - 23, 1985 , 
Govemment/Ur' .-ersity/Industry Research Roundtable, 1986, p H 
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increased the amount of time devoted to mathematics and science, established 
more rigorous graduation requirements and inserted computer literacy into the 
curriculum* In addition, some states have established special science and 
mathematics high schools, scholarships for students to pursue math and science 
undergraduate degrees and recruitment programs for science ^ad math teachers. 

Business Support for Education 

In the past thirty years, corporate support of colleges and universities 
has risen from approximately $40 million to more than $1 billion. In adc^ition 
to the direct support of colleges and universities, business corporations 
currently provide an estimated $350 million in other educational aid 
scholarships and fellowships to students, grants to precollege institutions, 
and support of many educat:^ .al activities and organizations.^ 

Specific programs of educational support differ widely from one company to 
another. Many businesses provide scholarships and fellowships directly to 
students or through third parties. Cooperative education programs allow 
students to alternate periods of work and study. 

Businesses also provide an array of programs designed to enable employees 
to upgrade their skills. These include adult education programs for corporate 
employees, with whole or partial tuition refunds upon the successful 
completion of academic work; organized instruction programs for groups of 
corporate employees, held somtimes on the campus and sometimes on corporate 
premises, special advanced training programs for corporate executives; 
contract arrangements to n rain workers with obsolete skills; and vocational 
programs to upgrade the skiliS of employed workers. 

More recently businesses have become involved in helping colleges and 
universities purchase equipment and construct research facilities. At George 
Mason University in Virginia, e.g., local firms provided $3 million for 
endowed professorships and fellowships and donated equipment to support a 
newly established School of Information Technology and Engineering. Forms of 
business participation in educational partnerships at the university level 
have changed recently and include cooperative programs involving graduate and 
UK-iergraduate students in addition to faculty members. 

Discussion Questions 

While there is general agreement regarding the importance of science and 
mathematics education to the nation's future competitiveness, there is 
currently no national strategy for addressi..g this need. Workshop 
participants are encouraged to consider the following questions with regard to 
meeting human resource needs. 

^?ow are thf; human resources th^t are needed by the economy being changed 
by technology? What can states do to assure that these needs are met? 
What should universities do to assure that these needs are met? 



Corporate and Campus Cooperation: An Action Agenda: A Report by 
business-Higher bducation forum . May, i^84, p. jj. 
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What IS the responsibility of the private sector in meeting human 
resource needs? How can private businesses play a role in improving 
curricula and seeing that courses are up-to-date? 

How should science, mathematics and engineering education be supported at 
the pre-college, college, and graduate level? What are gaps in curront 
programatic support? What are the respective roles of government, 
universities, and industry? 

What must we do to interest more young people in science and engineering? 

How great is the need for training and retraining tor technicians and 
production workers? What role should states play in providing such 
trainirig? 



Investing in Research and Development 

The United States spending on research and development in 1987 is 
estimated to be $125.2 billion. Roughly half is provided by the private 
sector, with the federal government providing the remaining half. States and 
other sources provide 3 percent of total expenditures. While the percentage 
of resources dedicated to basic research, applied research and development, 12 
percent, 21 percent and 67 percent respectively, have remained relatively 
constant over the past ten years, industric^^.l support for applied research has 
increased and ^he federal government has switched a greater percentage of 
resources to basic research. 

Approximately 51 percent of federal funding for basic research flows 
through ^he university system, by means of grants or contracts which are 
awarded on a competitive basis for specif i:: projects. The National Science 
Foundation and the National Institutes of Health, for example, provide 74 
percent and 67 percent of their expenditures on basic research to 
universities. There are also examples of close, long-term relationships 
between federal agencies and research universities. The Departments of Fnergy 
and Defense, for example, have long-term contractual links with universities 
for the performance of research and the operation of research laboratories. 

Most of the federal expenditures for applied research and development are 
tarigeted towards military purposes, space exploration, anr" mission-oriented 
activities. The federal investment in applied research and development in 
non-defense areas is estimated to have declined by 17 percent and 55 percent, 
respectively, in constant dollar terms between 1980 and 1985. Overall, there 
was a 26 percent growth in real terms in Federal support for basic research 
between 1980 and 1983, a 7 percent decline in applied research, and a 44 
percent increase in support for development. Between 1980 and 1985, 
industrial support of applied research grew at an average annual rate of 10.2 
percent in constant dollars. 

New Partnerships Emerge 

Tae past several years have witnessed an explosion of new research 
partnerships. For universities, partnerships with industry have been spurred 
by the prospect of additional research dollars at a time when federal dollars 
are in increasing demand. In addition, universities have benefited from 
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donations of state-of-the-art equipment, and increased opportunities for both 
students and faculty to interact with industrial researchers. While in the 
past many such partnerships focused on financial support to universities or 
exchanges of personnel, today's partnerships are based on active interaction 
between industry and university researchers, who work side by side in 
laboratories on jointly defined research objectives. 

Industry participation in these alliances with universities has been 
motivated by a need to develop and adopt new technological processes and 
products quickly and to secure access to innovative researchers and fresh 
ideas- The rapid pace of technological change has caused a blurring of the 
lines between basic and applied research thus encouraging industry to ^eek 
involvement in university research programs. 

One of tiie best known examples of an industry/university joint venture is 
the Monsanto /Washing ton University program. In an effort to expand into the 
biotechnology market, Monsanto in 1982 signed a joint research agreement with 
Washington University in St. Louis under which Monsanto will pay the 
University $62 million over oight and a half years. Under the program, 
university and industry researchers are working together in an effort to speed 
the application of basic research findings into products for market. 

An example of an all industry-supported research partnership is the 
Semiconductor Research Corporation, a non-profit consortium of US 
companies. Hie corporation was established to strengthen generic research 
capability m semiconductor technology. Hie Corporation has sixty members and 
spends 90 percent of its budget to support university research projects. 

Government policies, at both the state and federal level, have played a 
part in encouraging thv.se relationships. 

State Actions 

State support for research and development is a fairly recent phenomenon. 
While state governments have long provided core funding for state colleges and 
universities, states are now providing direct support earmarked for specific 
researcn and development activities at both public and private institutions 
me predominant mechanism used to support research and development is the 
creation of university-based technology research centers, sometimes referred 
to as centers of excellence and/or c 'vanced technology centers. 

University technology research centers are vehicles for conducting 
research in a specific technological area. U«;ually the state identifies those 
areas m which the university system has expertise and/or that are 
particularly pertinent to the state's major industries. A research center is 
established to focus on these technologies with the state serving as a 
catalyst to bring the resources of the private sector and university together. 

A 1985 NGA survey identified thirteen states that were developing 
technology research centers. Eleven states operate matching grant programs 
tor applied research and development. Examples of state activities in this 
area include: 

M ichigan's Industrial Technology Institute (ITI) is one of three research 
Centers ot excellence established by the state. ITI's roles and functions 
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include performing basic and applied research in industrial automation and 
computer integrated manufacturing; developing new technio^ies, processes 
and decision-making tools for the factory of the future; disseminating 
Information on emerging technologies, and fostering new industrial 
development in production of hardware and software for automated 
manufacturing. 

The Washington Technology^ Center provides a focus to conduct original 
research, train advanced research students, and create commercially 
promising technology for use in Washington state • It brings together 
researchers from industp/ and academia to concentrate on plant 
bio-technology, computer science, advanced materials, integrated 
circuits/optics, and micro-sensors. 

Pennsylvania's Ben Franklin Partnership Program . The Ben Frankl i n 
Partnership Program provid'^s grants for applied research and development 
activities and technical and financial assistance to entrepreneurs and 
existing businesses. Its largest program is the Challenge Grant Program 
which establ ished four Advanced Technology Centers. Each center is a 
consortium of private sector, labor, research universities, and other 
higher education institutions, and economic development groups. T\o 
centers conduct joint research and development projects, sponsor education 
and training activities, and provide entrepreneurial assistance services. 

Federal Actions 

Recent federal efforts to promote greater industry/universi ty linkages 
include the newly established Engineering Research Centers program of the 
National Science Foundation, the University Research Initiative of the 
Department of Defense, and the Administration's proposal to establish Basic 
Science and Technology Centers. 

The purpose of NSF's ERC program, established in 1985, is to develop 
fundamental knowledge in cross-disciplinary engineering fields that will 
enhance the economic competitiveness of the U.S. and prepare future 
engineers. The centers support research and promote close industry/ 
university work relationships. Thirteen centers were funded in the first 
three years of the program. The FY 1988 budget requests $48 million, up from 
$30 million in FY 1987, which would provide funding for five additional ERCs. 

Tho Administration has proposed expanding the ERC concept to Basic Science 
and 1 chnology Centers in a wide r?.nge of scientific research fields in the 
FY 1988 budget. These centers would be established in fields such as computer 
and information sciences, materials science, and biology and biotechnology. 
The FY 1988 budget includes approximately $40 million to fund five to ten 
centers. 

The Department of Defense lias created a University Research Initiatives 
Program, a multi -component effort designed to strengthen the capability of 
universities to perform research and to educate scientific and engineering 
personnel in key disciplines important to the technologies underlying a strong 
national defense. 

In FY 1 986 and 1 987 , the Department spent $105 m i 1 1 i on to fund 86 
multi-disciplinary research efforts at universities. An additional $20 
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million was used to fund fellowships, young investigator awards, and 
scientific exchange programs between university and Department of Defense 
laboratories. Ninety-three million dollars has been requested in the FY 1988 
budget for the University Initiatives Program. 

Discussion Questions 

Despite the flurry of activity in the area of university /industry 
government research partnerships, a number of issues remain unresolved. 

What is the level of cornmitment on the part of both business and industry 
to the university partnerships described above? Do industrial partners 
feel they have a stake in the outcomes of these efforts? Are small and 
medium-sized companies involved? If not, what are the barriers to their 
participation? 

Itow effective have these efforts been in generating commercial results? 
To date, evaluative data on these efforts have been limited. How can 
their impact be measured? 

Is there a state role in supporting basic research? How might state 
efforts to promote applied research and development be strengthen^? 

Wha%, is the relationship between state and federal efforts? Are they 
duplicating, complementing or supplementing each other? How could federal 
and state efforts be better integrated? 

Is there a danger of states wasting resources by targeting similar 
technologies or does this promote healthy competition within ti:^ research 
community? 



CO^f^ERC!ALIZING NEW TECHNOLOGY 

A strong research and development base, in and of itself, however, is not 
sufficient. There is an additional need to ensure that the knowledgo and 
technology developed are actually used. In fact, this is the area in which 
U.S. performance is view'yi as weaker than many of our major competitors. For 
example, the videocassette recorder, invented in United States in 1956, was 
never coirimercialized here; today not one VCR is produced in the U.S. and two 
Japanese firms, Sony and Matsushita control 90% of the U.S. market. There is 
also concern that American manufacturers have been slow to automate. In 1986, 
for the first time, the U. S. ran a trade deficit of high-technology products. 

The ever increasing pace of technological change presents a challenge for 
policymakers: how to facilitate the diffusion of new knowledge and technology 
to the widest possible audience. RjbUc policies to encourage such diffusion, 
often referred to as "technology transfer'' programs, are not new. The 
agricultural extension service, which dates back to the early 1900' s, 
represents the largest public investment in a diffusion system in the^ world. 

There are two primary ways in which the public sector can seek to 
accelerate the pace of diffusion. The first is by facilitating the flow of 
information from researchers to potential users. The second is by providing 
direct assistance to entrepreneurs and technological innovators as they seek 
to apply new knowledge in the marketplace. 
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Facilitating Information Exchange 



The federal government over the years has undertaken a number of programs 
to disseminate the results of federal research activities to potential 
industrial users. NASA's Technology Utilization Program, for example, was 
established in 1962 to disseminate research on aerospace technology to private 
industry. As part of the TU program NASA established nine uni /ersity-based 
Industrial Application Centers to offer information services, workshops, and 
technical assistance to industrial clients. 

States have also established mechanisms for information exchange, setting 
up programs to link businesses with information and expertise on technological 
issues. Often such programs are designed to provide small businesses with 
access to the resources of the staters university system. Examples of state 
initiatives in this area include: 

• Virginians Commonwealth Technology Information Service , a data base 
used to identity, store, manage and actively disseminate information 
on Virginia's techp'^logy resources. 

• Ohio's Innovation Exchange Network (TIE-IN) is a statewide 
interactive database which includes information on faculty research 
activities throughout the state, venture opportunities and patent 
information. 

• Illinois Resource Network is a statewide electronic directory which 
can provide names, campus addresses, and educational background of 
6,000 university faculty members. Through a key work or phrase, the 
Illinois Resource Network can help identify specializeo consultants. 

Assisting Businesses and Entrepreneurs 

Another alternative tc facilitate the innovation diffusion process is for 
the public sector to undertake a more active role in encouraging businesses to 
adopt new technology or develop new product lines and in encouraging 
individuals to start new firms. 

Federal Aid to Business 

Although the federal government provides some assistance to small 
businesses, businesses located in distressed areas, and businesses owned by 
disadvantaged or minority persons, there are few federal programs designed 
specifically to aid entrepreneurs and/or technology-based firms. One 
exception is the federal Small Business Innovation Research (SBIR) Program. 
In 1982, the Small Business Innovation Development Act mandated that each 
federal agency with an external research and development budget exceeding $100 
million spend a specified percentage (up to 1.25 percent) of such budget via a 
special SBIR program. 

Under the SBIR program, federal agencies request proposals from small 
businesses in response to solicitations outlining their research and 
development needs. After evaluating the proposals, each agency awards grants 
for determining the technical feasibility of the research and develop»nenc 
concepts proposed. If found to be feasible, the firms can then receive funds 



for fuU -scale research and development. In 1985, twelve agencies awarded 
$196 million under S^IR pr.orams. The SBIR program has proven to be very 
popular; so much so, that several states have developed programs which 
piggyback on the federal program. 

State Aid to Business 

States have developed a variety of programs to aid existing firms seeking 
to introduce a new product, adopt a new process, and encourage new spin-offs. 
Most of these programs include an information dissemination component but many 
provide in-depth counc.ling and chnical assistance as well. 

For example, at least ten stat-s currently operate industrial extension 
services, which vary greatly from state to state. 

• The Michigan Technolog. D eployment Service (TDS) was established in 
1985 tc assist companies that are considering adoption of new, 
cmp -r-bas3d msnuf acLuring tools and methods. TDS operates wifh a 
•-mail central staff ahd several field representatives and training 
associates located across Michigan. The TDS field representatives 
are experienced managers and engineers with strong backgrounds in 
private ino ry. TDS training associates are senior staff at 
Michigan community colleges who have broad experience in designing 
customized raining programs for manufacturing clients. 

• The Ohio Technolr - ^y Transfer O"ganization provides Ohio businesses 
with direct acces_ to new technology and research through a statewide 
network of thirty-four technology transfer agents based at two year 
colleges. 

• Maryland operates regional technology extension offices in 
conjunction with the Engiueering Research Center at the University of 
Maryland. Offices are staffed by industrially experienced engineers 
who respond to companies providing individual technical advice and 
problem solving. 

Other states have set up centers which provide similar services. In 
ad^-tion to assisting existing firms, however, they ma> also assist 
individuals seeking to start a new company. Tc ensure that entrepreneurs are 
able to commercialize their products, a spectrum of support se. vices can be 
provided. Eni..-3prenev.rial assistance programs often provide technical 
assistance, limited testing market evaluation, and general business and 
management advice. 

States liave aijo set up incubators to provide ongoing support for new 
businesses. Incubator facilities provide low-rent office and lab space ''or 
entrepreneurs or early start-up firms. On-site support services such as 
office support and computer access are also frequently provided along with on- 
or off-site management and technical assistance on a referral basis. Whi.i- 
incubatovG can serve a variety of firms, they are more often targeted to 
tec -^ology-based compani'-s. 

in 1983, the North Carolina legislature passed a $2 million High 
>:hnology Jobs Act to encourage entrepreneurship among small businesses in 
che high technology sector. The act created the North Carolina Technology 
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Development Authority to implement a seed capital program and establish 
incubator facilities. The state provides one-time matching grants to local 
governments to establish ir abator facilities. 

A final area in which states have become increasingly active is providing 
start-up and early-stage financing for new, technology-based businesses. 
State programs provide venture capital where private sources are absent 
(venture capital companies tend to invest in geographic areas with an existing 
concentration of technology-based firms), and/or to meet capital needs not 
normally serviced by private venture capitalists. A 1986 study by the Kansas 
Department of Development identified twenty-eight states that support some 
type of venture capital program. 

Role of the Private Sector 

While the public programs described above can be important in creating a 
supportive climate for technological innovation, the actual decision of 
whether or not to adopt a new manufacturing process or marVet a new product is 
essentially the decision of an individual firm. Recent newspaper and magazine 
articles have argued that some of the competitive difficulties of U.S. firms 
are due to poor management decisions spurred by short-term horizons of 
management and demands for immediate financial returns. 

An Office of Technology Assessment study is examining collaborative 
research efforts to determine their effect in achieving commercialization. 
The preliminary analysis indicates that one of the factors contributing to low 
levels of commercialization lies within individual firms. It appears that 
there is often a gap between those persons responsiole for research and new 
product design on the one hand and those responsible for manufacturing, 
operations and marketing on the other. Thus, research findings may never find 
their way to the production floor. 

Discussion Questions 

While there . general agreement on the need to speed the diffusion of new 
research findings througout the economy, there is no general agreement on how 
this can best be accomplished. Issues for your consideration include: 

What are the major barriers to the adoption of new t'^chnological products 
and processes? How might these barriers be removed? 

What type of assistance is most needed by entrepreneurs seeking to start 
a new finn or introduce a new product? Is assistance to entrepreneurs an 
appropriate activity for state^. govemmen ? Should existing federal 
buisness assistance programs be targeted to the needs of new, 
technology -based firms? 

Wha^ steps should be taken to encourage existing manufacturers to adopt 
new technology? Are industrial extension services an effective mechanism 
for improving the utilization of new technology? 

Ax'e there actions individual companies should take to speed the 
commercialization process? 
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Kow can universities improve their technical assistance to the local 
business connnjnity? 



NEW ROLES FOR GOVERNMENT, INDUSTRY AND UNIVERSITIES 

The above examination of the United States' research system reveals that 
changes are occurring in the very nature and conduct of research. Research is 
p oducing new knowledge at an accelerating pace; the time lag between basic 
and applied research is becoming shorter. It is becoming increasingly 
multi -disciplinary, especially as new areas of specialization, such as 
biotechnology, are arising which cross traditional disciplinary boundaries. 

The practice of research has changed as well. It is now commmon for 
research to require eleborate and expensive indtruments and facPHes. These 
cl»anges are placing increasing demands on our research infra" xture, i.e. 
our universities, businesses, and workers, as the country set ,s to maintain 
its leadership role in science and technology* To meet these needs will 
require a new partnership between state and federal governments and between 
industry and universities. 

New Roles in Support of Education 

Tc .neet our future human resource needs the following issues must be 
addressed: 

• actions must be taken to encourage students to pursue science and 
engineering careers; 

• efforts must focus on improving science and mathematics education at 
all levels; primary and secondary, college, and graduate level; 

• training, retraining and continuing education programs must be 
established to maintain a technically skilled work force; and 

• investments must be made in the nation's colleges and universities. 

Government, industry and universities must each play a role in addressing 
these needs. 

The federal government will continue to support graduate and undergraduate 
education, particularly by providing both students and faculty with the 
opportunity to participate in individual research projects, by supporting 
graduate fellowships, and by encouraging participation in multi-discipKiiary 
centers, such as Engineering Researcl. Centers and the newly proposed Science 
and Ter^^.ology Centers. An additional role for the federa'' government may be 
to reinforce its efforts, for example, NSF's EPSCCXl Program, to assist those 
colleges and universities with less well -developed research capacity to build 
strengths in specialized technological areas* 

It may also be appropriatr for the federal government to expand its role 
in supporting improved mathematics and science education at pre-college levels 
by supporting teacher training, curriculum and materials development, and 
demonstration programs. 
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States will play a critical role in meeting human resoifc. needs, as state 
governments have primary responsibility for funding K through 12 education and 
for providing the core support for state university systeTr, States must 
therefore be encouraged to: 

1) continue efforts to improve elementary and secondary education, 
particularly in areas of science and mathematics; 

2) use state community college systems and vocationa' hnical school<= 
to provide training and retraining to meet the . for a highly 
trained and adaptable work force; 

3) increase support for university systems, including investing in 
capital facilities, as well as efforts to retain highly competent 
faculty by means of endowed chairs and professorships; and 

4) develop programs to encourage minorities and women to enter science 
and mathematics programs. 

Universities are clearl/ a dominant actor since they are responsible for 
the quality of graduate and undergraduate education. Univeisicies should 
encourage ' eater interaction between their faculty and industry researchers 
through u;. .ve*" ity/industry personnel exchange programs and by an incentive 
structure which encourages cooperative ventures. Students must also be given 
the opportunity to participate in joint research and development efforts. 
Universities can also provide important support for secondary teachers 
offerirjg workshops and courses to improve and up-date their skiPs and can 
provide programs, workshops and lectures for gifted students. 

Industry has an important role to play as well. Although education has 
traditionally been regardeo as a "public" responsibility, private firms have 
an interest In supporting an educational system which will produce skilled 
workers as well as scientist and engineers. Industry can play an important 
role in defining skill needs, helping with curriculum development, and 
providing assistance to keep programs up-to-date. Industry can also commit 
resources to universities, participate in partnership programs, offer 
internships to students and participate in cooperative research programs that 
further many of these objectives. 

New Roles in Research and Development 

The issue of research and development and commercialization are closely 
related. The major chaMenge is to support not only excellence in U.S. 
research but the most effective utilization of our research firdings. To do 
this, we must: 

• breakdown barriers between university researchers and industry 

• increase private sector involvement and support of collaborative 
research 

• integrate research cind product development witii nufacturing, 
production and marketing functions; 

^ encourage greater commercialization of research findings; and 

• establish a joint federal /state partnership in support of research 
and development. 
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A federal role in research and development, in addition to providing 
funding for basic and mission-oriented research and development, is to 
establish the context within which research is undertaken. The federal 
government is in a unicyje position to monitor ongoing research, identify 
national priorities and coordinate efforts throughout the country. 

State governments continue to expand their activities in support of 
research and development and commercialization. States should be encouraged 
to act as catalysts and facilitators by providing information on current 
res^ irch and industry needs, setting up mechanisms for industry /university 
interaction, and serving as a focal point for programs and services. In 
addition, state governments can provide incentives to encourage greate^- 
pnvate industry support and involvement in collaborative research and use 
Sv-ate funds to leverage additional funding for applied research and 
development projects. 

For its part, industry should be encouraged to increase its investment: ir 
university research, increase their commitment to collaborative research <;nd 
participate jn industry-wide research efforts. Firms should also be 
encouraged to establish greater linkages between management, design and 
production functions withi*^ their organizations and to examine the issue of 
coomercializatior. 

Universities should market their services to the rivate sector, acting as 
a resource for local businesses. They can also provide technical assistance 
to innovators and technological entrepreneurs. Many universities, for 
example, operate incubator facilities and manage industrial parks. 
Universities should also be encouraged to change their incentive structures to 
encourage greater faculty involvement in collaborative research. 

Conclusion 

To meet the challenge of economic competitiveness, the United States as a 
nac;on must make a long-term commitment to its education and research system. 
But we will achieve our goals of maintaining our leadership position in 
science and technology and speeding the diffusion of new knowledge and 
technology throughout our economy only if government, universities and 
industry work together. This will require an openness on tae part of each 
party and a willingaess to redefine relationships ar ' ei^Jeriment with new ways 
of doing business. The purpos<? of this conference is lo begin the process of 
defining these new relationships. 
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